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PREFACE BY THE AUTHOR. 


This book is intended chiefly for those who, withont desiring 
to become botanists by profession, wish nevertheless to be- 
come acquainted with the elements of .scientific structural 
botany. It will likewise introduce the beginner to the various 
methods of microscopical manipulation. 

The study of vegetable structure is especially favourable as 
an initiation into the use of the microscope; and any one 
whose future career will require command over this instru- 
ment should commence with the study under the microscope 
of vegetable anatomy. 

The manual is divided into thirty-two chapters, each of 
which is intended to provide materials for several hours* prac- 
tical work in the laboratory. The earlier chapters are easy, 
and the difficulties to be encountered increase almost con- 
tinuously up to the last chapter. The first chapter assumes 
on the part of the worker entire ignorance as to the use of 
his instruments, but nevertheless assumes the possession of 
some general botanical knowledge. With this elementary pre- 
paration the beginner ought to be able, by the diligent use 
of this book alone, to acquire a tolerably broad knowledge 
both of vegetable structure and of the methods of micro- 
scopical work. 

The objects for study have been so selected that most can 
be obtained with comparative ease. In many places I have 
recommended the use of plants preserved in alcohol, as the 
worker is thus rendered independent of the time of year. As, 
however, the objects may need to be collected even monthg 
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before being used, the student ought carefully to consult a 
special list of plants or portions of plants needed for his work, 
and which ought to be collected at some given time or con- 
dition. Not infrequently the objects need to undergo, in 
order to make them fit for use, some preliminary preparation, 
which may take several hours, or even a day. The student 
ought therefore to take cognisance of a lesson a sufficiently 
long time before commencing work. 

The list of necessary reagents will be found at the end of 
the book. These reagents should be ready before beginning 
work. The method of preparation of special reagents for 
histological work is also given in this list. Many of these 
it is preferable to obtain ready-made from the firm mentioned 
at the head of the list. 

The explanations and illustrations of the use of the 
instruments and reagents are scattered in the text; but the 
general index is made so far complete as to enable the student 
easily to refer to any explanations which may be necessary. 

I have given especial care to the methods of study of the 
Bacteria; with the preparation which this book gives, the 
student will be capable of following out any deeper researches 
into this subject, as well as of realizing their practical appli- 
cation. 

All the figures in this work have been drawn by myself 
from nature. Almost all of the facts given in the text, even 
those which were well known, have been submitted to careful 
control. 

At the close of each chapter are given some bibliographical 
notes, which show the student the fountain-head whence 
fuller information can be obtained. 

Ed. Strasbubqer. 


PREFACE TO THE ENGLISH EDITION. 


Although the last two or three years have produced at least 
as many works on Practical Botany for Laboratory purposes, 
no apology is needed for reproducing from the German one 
which has no counterpart in the English language, and which 
has the advantage of being written by one of the greatest 
living masters of microscopical observation. 

Although Professor Strasburger has revolutionized the 
science of Botany in more than one direction, no work of his 
has as yet come before an English public in its own tongue; 
but it is perhaps not unfitting that the Author^s first introduc- 
tion to the English-reading student should be in the r61e of 
teacher of those arts of manipulation and observation by the 
exercise of which his own fame has been gained. 

This edition has the advantage of revision and of numerous 
additional notes by the Author ; some portions have been well- 
nigh rewritten. To these I have ventured to add notes of my 
own, intended to either simplify or amplify the description, 
or to enable the material selected by the Author to be re- 
placed by some other, probably more readily obtainable. 
These additions have been either inserted as footnotes, or, 
where intercalated in the text, are usually inserted between 
square brackets [ ] . The Introduction I have, with the con- 
sent of the Author, nearly rewritten, in order to make it more 
suited to the English student; similarly with a few other 
isolated paragraphs. A few additional illustrations I have 
been enabled to add, through the courtesy of the Publishers ; 
descriptions of, and references to, these are likewise enclosed 
in brackets. To make the book more convenient in use, I 
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have given at the head of each chapter (task, or lesson, in 
the original) a list of the objects required for study in 
that chapter. I regret that I did not add to these lists any 
special reagents which might be required for use ; possibly a 
future edition may give opportunity for this. 

I have considerably enlarged the scope of Appendices II. 
and III., and have added two new Appendices, I. and IV., 
which I hope may be useful to the student. Throughout the 
work I have likewise added the common English names (if 
any) of the plants referred to. 

The student wijl probably not be able to carry out all the 
investigations constituting a chapter at the same time. A 
careful note should be made of any which are thus postponed, 
so that they may be taken up in due season. It is not un- 
likely that some may not come at all within the range of the 
student^s observation ; for these examples the book must be 
looked upon in the light of a text-book. 

The student is earnestly urged to study from the beginning 
the Author's methods of work. These are especially note- 
worthy when he comes, perha.ps incidentally, to correlate 
structure with function. The interdependence of these two 
factors in the plants' life history is the great underlying 
principle of modern botanical teaching, and the student 
cannot too soon begin to exercise his thoughts in this direc- 
tion, resting assured that his methods are right even though 
his results may for the time being prove to be erroneous. 

As to translation, no one can feel so fully as myself its 
many and serious defects. I can only plead that the work 
was executed at a time of serious pressure, and, although cir- 
cumstances have delayed the issue of the book, the manuscript 
was out of my hands, and therefore only subject to such 
limited correction as proof-sheets would allow. 

W. H. 

Birmingham, September, 1886. 
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INTEODUCTION. 


Students at Universities, or properly equipped Colleges, op Schools 
of Science, will nsnally find in the Botanical Laboratory the instm- 
mei^s which are needed for their work. For those, however, who 
are not connected with such an institution, but may use this book 
independently as an introduction to the practical study of the 
minute structure of plants, as well as those who, under any 
circumstances, wish to become possessed of suitable instruments 
for microscopical work, the following lists, selected from the most 
recent catalogues of opticians, may be of service. The first list 
here following includes microscopes, with a price (affixed) ranging 
up to about £8. 

I. — English and American Makers. Some of these, such as the 
well-known firms of Ross & Co., Powell & Lealand, R. & J. Beck, 
and Zentmayer, are notably dearer than many other English and 
American, and than most foreign makers, and therefore probably 
for student purposes are less available. The microscopes built on 
the so-called " English model " are more massive and complicated 
in their construction than is really necessary for student purposes, 
and the object on the stage is usually moved about by means of a 
mechanical arrangement of screws, where, for ordinary purposes, 
the fingers had far better be used. Further, though the diameter 
of the body of the English microscope may be an advantage, its 
length is doubtfully so, and renders the erect position of the 
instrument in working, which is for most purposes far the best 
(though a joint permitting inclination is highly desirable), almost 
impossible. The distance of the stage from the eye renders 
delicate working with the fingers a matter of some difficulty ; for 
it is notorious that the nearer the fingers are to the eyes, within 
certain limits, the more delicately their movements can be con- 
trolled. These makers have, however, recognised the need of 
instruments of more compact form, simpler construction, and 
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lower price, and, like the cheaper English makers hereafter noted, 
have brought ont instruments suited for general use under the 
name either of ".Student's," "Educational," or "Economic" 
microscopes. Of such kind we will specially indicate a few.* 
These will be exclusively monocular ; binpcular microscopes are 
in no way needed. 

Ross & Co. (112, N'ew Bond Street, London) produce an 
instrument of high quality and comparatively low price, called 
the " Student's Microscope," with rotating glass stage, coarse and 
fine adjustnjent by screws, and a " swinging tail-piece for oblique 
illumination," originally devised by Zentmayer, of Philadelphia, 
into which may be fixed various substage appliances, such as 
condenser, etc. Price, with one eye-piece (A), and in mahogany 
case, £10 10*. Another cheaper stand is the " Student's Mono- 
cular Stand, No. 1," with coarse adjustment by sliding the tube, 
and fine adjustment by a screw, circular rotating glass stage, and 
draw-tube into which the continental eye-pieces will fit. (This is 
the case also with the above higher-priced instrument.) With one 
eye-piece the price of this stand is £4 10*. ; a diaphragm to the stage 
costs 8«., and a case for the microscope 11«. extra. Boss's best 
objectives are too expensive for ordinary student use ; he offers 
some for the above microscope — e.g. 1 inch of 15° angular aperture 
at £1 5^., and \ of 75° for £2 2*. ; or, together with the stand, as 
above, £8 16s., to which ought to be added a second eye-piece, 
which costs £1. For 15«. extra this microscope can be obtained 
with screw coarse adjustment. Instead of these objectives, the 
stand as above can be fitted with objectives by other makers .f 

R. & J. Beck (68, Cornhill, London, E.G.) offer a useful in- 
stmment under the name of the "Monocular Economic Micro- 
scope" (No. 24, Catalogue 1885), having coarse adjustment by 
sliding tube, fine do. by screw, drawtube, 1 eyepiece, diaphragm^ 

* For farther information and particulars the reader is referred to any of 
the current works on the microscope, sach as those of Dr. Lionel Beale, Dr. 
Jabez Hogg, and, especially, that of the late Dr. Carpenter. 

t It is here perhaps desirable to note that all English objectives are made 
with the same size screw, the *• Microscopical Society's Screw," known abroad 
as the " English Screw," and therefore will fit any English instrument. Foreign 
objectives, if .instructions are given to that effect, are likewise made with this 
screw, usually with an extra charge of but a shilling or two, sometimes none. 
Foreign microscopes can be made with the same gauge, or provided with 
adaptors. It is not improbable, and greatly desirable, that the English, or 
some other standard, screw may become universal, as the confusion amongst 
foreign makers is extreme. At the same time all of, at least, the smaller 
EngUsh microscopes would be better made for eye -pieces of continent)>>l size. 
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1 incli and ^ inch object glasses, in mahogany case, for £5 bs. 
Without objectives, but with 2 eye-pieces, £3 lO*. To this can 
be fitted an achromatic condenser for £1 2«., and other pieces of 
apparatus. Beck's best objectives are expensire; but he con- 
structs good student glasses at a lower rate. 

Amongst the cheaper optical firms, we m&j mention the 
following : — 

C. Bakek (244 Sd 245, High Holbom, London, W.C.) publishes 
a " Medical Microscope " on the old continental model (of Nachet 
& Hartnack), with draw-tube, coarse adjustment by sliding 
tube, fine by screw, and 2 eye-pieces, in mahogany case, for £S 3«. 
With 1 inch and J inch object-glasses and condenser for opaque 
objects, £6 7s, 

Chas. Collins (167, Gt. Portland Street, Oxford Street, Lon- 
don, W.) offers a "Histological Microscope," with coarse adjustment 
by rackwork or by sliding tube, fine screw adjustment, one eye- 
piece, 1 inch and i or ^ objectives, in mahogany case, for £5 10s.; 
or with extra eye-piece, polariscope and stage condenser, for 
£7 10s. Also a " Student's Microscope " of rather larger size, 
with similar fittings, at an extra cost of £1 10s. 

H. Crouch {66, Barbican, London, B.C.) publishes "The 
Histologist's Microscope," coarse adjustment by sliding in cloth- 
lined tube, fine by screw, glass stage with diaphragm, 1 inch and 
^ or -J- inch objectives and 2 eye-pieces, in mahogany case, for 
£5 6s. A Stand Condenser can be added for 8s. 6d., and an 
Achromatic Condenser for £1 Is. 

T. Dauton & Co. (45, St. John's Street, West Smith field, 
London, E.C.) have an " Improved Histological Microscope," on 
much the same model as that of Crouch, with draw-tube, screw 
fine adjustment, 2 eye-pieces, | inch and -J- inch objectives, glass 
stage, in mahogany cabinet, for £5 6s. Other apparatus can be 
fitted. 

Parkes & Son (St. Mary's Row, Birmingham) offer a " Portable 
Educational Microscope," a reliable and very steady instrument, 
with coarse adjustment by body sliding in cloth-lined tube, fine by 
screw, draw-tube, 2 eye-pieces, 1 inch objective, separating to 2 
inches, ^ inch ditto, with magnifying power ranging, with use of 
draw-tube, from 140 to 470 diameters ; also with spot lens, con- . 
denser on jointed arm attached to the stand, diaphragm, with disc 
for "white-cloud illumination," and glass stage, in mahogany 
case with leather handle, £6 10s. If with i inch objective instead 
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of f , increasing magnifying power to 560 diameters, 5^. extra ; or, 
instead, with -J- inch, magnifying np to 700 diameters, £7. The 
objecb-glasses are proyided with a '' patent sliding adapter,'* 
obviating the necessity for screwing in exchanging one glass for 
another while at work. A screw nozzle can also be had to adapt 
it for all other objectives with the English screw. An achromatic 
condenser can be sapplied adapted for it. 

PiLLiscHER (New Bond Street, London), under the name of 
" International Microscope," offers a stand on the old continental 
model, but with rackwork coarse adjustment, 2 eye-pieces, -f and 
•f inch objectives, giving, with draw-tube, a range of from 60 to 
420 diameters, in case, for £7 lO*. 

Swift & Son (81, Tottenham Court Road), under the name of 
the " College Microscope, No. 1," offer an instrument with coarse 
adjustment by sliding in cloth-lined tube, fine by screw, draw-tube 
(too large for continental eye-pieces), diaphragm, 1 eye-piece, 
1 inch and j inch objectives, in case, for £5 bs. The same with 
screw coarse adjustment, glass stage, and jointed mirror, £1 10s, 
extra. Achromatic condenser, 12^. to £1 5s. 

Other instruments of equal excellence with the above are 
doubtless manufactured ; there is no pretence that this list is 
complete, nor is any comparison intended to be instituted. 

German Makers. Of these, the following two makers may be 
considered typical : — 

Cael Zeiss (Jena). Stand VIIa, with 3 eye-pieces, Nos. 2, 4, 
and 5, and objectives B and D, price £7 ISs. This stand has an 
unjointed back, sliding tube for coarse and screw for fine adjust- 
ment, and swinging mirror. The instrument gives a magnification 
from 70 to 580 diameters. The glasses of Zeiss are unsurpassed. 

E. Leitz (Wetzlar). A stand of similar model to that of Zeiss, 
with eye-pieces 1 and 3, and objectives 3 and 7 (No. 17 in 
catalogue of 1882), and magnifying from 80 to 500 diameters, 
price £5 10a. The objectives of Leitz are low in price, but remark- 
ably good. 

Other makers are Seibebt (Wetzlar), B^n^ICHB (Berlin), Habt- 
KACK (Potsdam), Winkbl (Gottingen), Plosl & Co. (Vienna), 
Refchebt (Vienna) ; all good. 

French Makers. The two following are probably the best : — 

Bezu, Haussee & Co. (Paris, Rue Bonaparte, 1, successors to the 
old house of Prazmowski, formerly Hartnack & Prazmowski), 
Stand VIII., eye-pieces 2 and 4, objectives 4 and 8, magnifying 
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50 to 600 diameters, price abont £8. * Stand Yllli., the same as 
above, but with jointed back, 12«. extra. 

.-C. Vbrick (Paris, Rue de la Parcheminerie, 2). Stand V., with 
jointed back, with diaphragm disk and draw-tube, 2 eye-pieces, 
1 and 3, 2 objectives, 2 and 7, magnifjing 60 to 570 diameters, 
price 165 f rants (about £6 12«.) ; or Stand IV., with which 
achromatic condenser and polariscope can be used, about £2 more. 
These two instruments are now very widely used in France. 

Most, or all, of the above makers, English and foreign, manufac- 
ture microscope stands of cheaper quality than the above; it must, 
however, be borne in mind that accurate observation needs an 
instrument which is capable of it, and while there is, and ought 
to be, every desire to keep the cost within a reasonably small sum, 
true economy does not consist in purchasing an instrument which 
may be a constant source of dissatisfaction, and may have to be 
discarded when the student emei^es from his swaddling clothes. 
The stfmd which is purchased ought to be adapted to the receipt 
of optical apparatus other than the simple eye-piece and objective. 
It should have a jointed back, and be thoroughly steady in any 
position ; the adjustment should be easy and true, and if the body 
is twisted, any object observed should not be thrown out of centre ; 
the mirror should be plane and concave, and should have a long 
jointed arm ; and the stage should be constructed for the reception 
of a condenser. Still more essential is it that the special optical 
parts, the eye-pieces and objectives, should be good. They should 
let through the largest possible amount of light (the diaphragm 
will easily control its quantity if needed), and there should be a 
complete absence of colour, both round the exterior of the field 
of view, and round any object, or particles of dust, in focus. The 
field should be flat, so that a small object moved from one part 
to another alters neither in distinctness, form, nor size. Lastly, 
the objective should have a fair working distance from the object, 
or the thickness of the cover-glass, to be hereafter noted, may 
become a matter of great importance. 

In all these points, except perhaps accurate centering, the stands 
of English makers either equal or excel, price for price, the foreign 
stands ; while, on the contrary, price for price, the eye-pieces and 
objectives of continental makers usually are far superior to those 
made by the English opticians, a superiority probably due solely 
to the more trained skill and more patient accuracy of the work- 
men. 
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All of the work in this book, perhaps, with the exception of 
Chapter XXI., can be performed with the aid of objectives np to 
•J- ; but the stndent who has gained some experience will probably 
wish to add to his microscope one or more stronger objectives, in 
order to increase the range of his work. Increased magnification 
can be obtained by increased power either of eye-piece or of 
object-glass. All the objectives we have heretofore noted are what 
are called " dry " systems, since they are nsed for work in a dry 
state, and a layer of air separates the objective from the object. 
" Dry " objectives of high power are subject to great disadvantage 
from the serious loss of light their use involves. The light, in 
passing from the mirror to the objective, passes in the first place 
through air ; then the object-slide, next the object and the medium 
in which the object is mounted, which may be glycerine, water, 
alcohol, etc., or even air ; then through the cover-glass, and finally 
through air again. In every one of these changes light is lost. 
Owing to this loss of light, as well as for othcfT reasons, it is not 
wise to use high power eye-pieces with dry objectives, added to 
which, as the eye-piece does not magnify the object, but only the 
image of it as given by the objective, any errors of this latter are 
likewise magnified by the eye-piece. 

To obviate in part this loss of light, what are called " immersion" 
objectives have been for the last few years much in use. In these 
objectives the cover-glass and the front lens of the object-glass are 
connected by a drop of liquid. Such objectives are of two kinds : 
" water," in which that is the liquid used ; and " homogeneous," in 
which the liquid is in general oil, or a mixture of oils, but some- 
times is glycerine, etc. The homogeneous immersion objectives 
are dearer, less readily cleaned after use, and require a supply of 
the special fluid for which they are manufactured; but on the 
other hand they transmit more light, bear a higher eye-piece, and 
are independent in their working of the thickness of the cover- 
glass. Dry objectives, and water-immersions, of high power are 
naturally dependent on the thickness of the cover-glass which 
the light-rays pass through after leaving the object. To provide 
for this, they are usually manufactured also with "correcting 
screw," for use according to the thickness of the cover-glass, and 
at a somewhat increased price. The correcting screw accommodates 
the objective to the thickness of the cover-glass which happens to 
be in use, but a right use of it requires considerable experience, 
nor is it usually needed with any of the weaker immersion systems. 
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An immersion objective, without correcting screw, is made to suit 
a certain medium thickness of cover-glass, which is nsnally stated 
by the optician, and it is therefore preferable for the beginner, if 
he wants such an objective, to nse with it cover-glasses of this 
definite thickness.* On the correcting screw, where the system 
has it, are usually divisions and figures, which allow the focussing 
for any given thickness of cover-glass, where this is known.f 
But whoever does not fear the expense would do well to provide 
himself at once with a system for *' homogeneous immersion." 
They are all constructed without correcting screw, since, as already 
indicated, the thickness of the cover-glass, of course within the 
permissible limits, is of no importance. By selecting a single such 
objective, say -j^, and purchasing a series of eye-pieces, one can 
obtain a range of possible magnification such as could only be given 
by several water-immersions, or dry objectives. A system for 
homogeneous immersion, provided it is perfectly constructed, can 
therefore replace several systems of another kind.;]; 

Even in the smallest stands mentioned above, objectives for 
homogeneous immersion can be used with great advantage without 
any special apparatus for increasing the illumination; but the 
highest capabilities of the homogeneous system are only brought 
out by the use of a sub-stage achromatic condenser. Several of 
the stands referred to above have sub- stage condensers constructed 
specially for them, and at a cost which, for these small micro- 
scopes, would rarely exceed £1 10*. 

Owing to the prevalent use of the standard screw of the Royal 
Microscopical Society of London, objectives of one maker can be 
attached to the instrument of another. Where this screw is not 
in use by the maker, the objective can have an adaptor attached. 
A point of some importance to English purchasers of continental 
objectives is this : — ^the customary length of the tube of the micro- 
scope on the Continent is 150 to 170 millimetres (6 to 7 inches), 
and the objectives are constructed to suit this length. If the tube 
exceeds this length, it should be stated in ordering the objectives, 
that they may be modified to suit. This is especially needed in 
ordering objectives for homogeneous immersion. All the micro- 
scope stands mentioned above have tubes of continental length, and 
most of continental size. 

* On this sabject see a note on page zzii. 

t Further information on this point in Chap. XXI., p. 224. 

t Leitz, of Wetzlar, produces a -^^ of remarkable excellence, for £6 10«. 
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To give a theory of the formation of the microscopic image does 
not come within the range of onr purpose, and for this we would 
refer to text-books on Physics and to special works on the micro- 
scope. Onr task, on the other hand, will consist in making the 
beginner acquainted with the most important facts of microscopical 
botany, with the use of the microscope, and with microscopical 
manipulation. This instruction will be given by studies upon the 
objects themselves. 

Besides the compound microscope to which we have hitherto 
exclusively referred, a simple, or so-called dissecting, microscope 
is also more or less necessary. For all the purposes of this book, 
and, indeed, for most botanical purposes, whether in anatomy or 
morphology, a dissecting microscope of very simple construction 
is all that is needed. Most such instruments are unnecessarily 
complex and expensive. Some, for instance, are constructed to 
magnify up to 60, 80, or even 100 diameters ; if such magnifying 
power is needed, the low power of the compound microscope will 
do equally well, dissecting being done upon the stage, but the 
arms being carefully supported. The following are a few typical 
simple microscopes, any one of whicb would suffice : — 

Ross & Co.'s " Magnifier Stand," with two lenses of |-inch and 
^inch focus, magnifying 20 and 40 linear, in flat morocco case, 
£2 2^.* 

C. Collins, " Dissecting Microscope," with two lenses, to be used 
together or separately, 155. (No arm-rests.) 

Parkes & Son, " Simple Microscope " (No. 5030), on jointed 
arm, with universal movement, 15*. * 

Swift & Son, "Simple Dissecting Microscope," with three lenses, 
18*.* 

Zeiss, "Small Dissecting Microscope " (No. Ill), 18*., to which 
double lenses, magnifying 10, 15, or 30 diameters, at 6«. each, 
(Arm-rests.) 

The student can entirely dispense with a dissecting microscope, 
and dissect upon the stage of his larger instrument ; but as the 
image of the object is inverted, and any movements he may make 
are likewise reversed, he would probably be at first somewhat 
perplexed. Practice will overcome this difficulty; or it can be 
cleared away at once by pprchasing an " erector " for insertion in 

* In these instruments the object is dissected on the table, or in any other 
convenient place. Those not marked have a special stage, with or without arm- 
rests, as indicated. See also p. 21 et seq. 
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the draw-tube, costing nsnally 10«. or 10«. 6d, It is desirable 
likewise to have a low power objective, e.gr., 2-iiich or IJ-inch, 
though dissection with the 1-inch is perfectly simple. The lowest 
power eye-piece should be used. Dissection under the compound 
microscope has, with very small objects, this further advantage, 
that there is no chance of losing them in removing from one in- 
strument to the other. To this may be added perhaps another 
advantage, in that the working-table is not cumbered with an 
extra instrument. For dissecting with the microscope the wrists 
must be^ supported on a level with the object, or slightly below it. 
Some dissecting microscopes have arm-rests for this purpose; 
blocks of wood of proper height, or even stacks of books will 
answer admirably. 

A very necessary adjunct for microscopical work is a good 
magnifying lens, as it is often desirable first of all to study an 
object with it, afterwards using the microscope. The lenses 
of the dissecting microscope can be used as hand magnifiers, and 
low power objectives likewise make good hand lenses. It is 
worth while, however, to get a lens magnifying about six diameters; 
very convenient are the triplets, three lenses in a tortoise-shell 
case, usable separately or together, and sold at a price of about 
3«. 6d. Remarkably beautiful are the PJatyscopic Lenses of 
Browning (63, Strand, London, W.C), magnifying 15, 20, or 30 
diameters, price 18«. 6d. each, and the Aplanatic Lenses of Zeiss, 
magnifying 6, 10, or 20 diameters, price 12«. or 15*. each. 

As it is desirable that the student should from the first begin to 
draw the objects he examines (practical instruction in which will 
be found on p. 30 et seq.), it is desirable that he should have some 
form of drawing instrument to facilitate his work. Drawing can, 
it is true, be done without any such aid, but is more difficult. An 
apparatus for drawing (camera lucida) is constructed either for 
use with the body of the microscope placed horizontally, or placed 
vertically. Practically the latter is much preferable. Every 
microscope maker has appliances of his own make, but they vary 
very niuch in real utility. Probably the best in existence are two 
made by Zeiss, the new camera lucida of Abbe, price 30*., or the 
camera lucida with two prisms, price 21*. The former is specially 
constructed for the eye-piece No. 2 of Zeiss, and is mounted upon 
it ; it permits drawing upon a horizontal surface ; during observa- 
tion it is removed. The second is slipped by means of a ring upon 
the tube or the eye- piece (any eye-piece of continental size) ; it 
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requires an inclined surface for drawing, but has, however, the 
advantage that it is always kept upon the microscope, and during 
the observation is only pushed on one side. Both apparatus re- 
quire drawing desks, Abbe's camera a horizontal one, the drawing 
prism one inclined about 25°. The height of i^e desk should in 
general correspond with the height of the stage of the microscope. 
In specially long or shortsighted observers, it should be arranged 
according to the distance of distinct vision. 

Most English opticians supply drawing prisms of one kind or 
another, capable of satisfactory work. None, however, in my 
experience, equal those of Zeiss. 

A stage micrometer is likewise necessary. This can be obtained 
from most opticians at a cost of from 5«. to 10«., and ruled up to 
TGois ^^ ^^ inch. Zeiss has one at 10«. ruled to y^^ of a milli- 
metre, i.e., about -3-5779 of an inch. 

Any steady table can be used by the microscopist for working, 
but it should be looked to that it is not too small, and not polished 
or varnished on its surface. This surface is best painted a dull, 
dark colour. The table is so placed that the microscope is about, 
or somewhat less than, two yards from the window. Any position 
of the window is good which allows a free outlook. From direct 
sunlight we protect ourselves by a white roller blind, which is best 
made of tracing-linen. The dazzling white light which we obtain 
when the direct sunlight plays upon the blind gives the most 
favourable conditions for observation with high powers. 

The necessary object slides and cover-glasses can be obtained of 
most opticians. The former are procurable with either ground or 
unground edges at a cost of about 4ss. 6d, or 3^. 6d. per gross, re- 
spectively. They are three inches long by one broad. The cover- 
glasses for ordinary observation should be about f -inch square ; 
but the observer should also have larger ones for specially large 
objects, and also others somewhat smaller (|-inch square) which 
will usually suffice for permanent preparations. If we use power- 
ful objectives, it will be best to obtain these cover-glasses of 
definite thickness. For the beginner, this is not of special iiiiport- 
ance; but the more advanced student will find it advisable to 
procure both object-slides and cover-glasses of a definite thick- 
ness.* 

* The latter, cnriously enough, are difficult to obtain in England, where, never- 
tbelesB, they are mostly made, and I get them from P. Stender, in Leipzig, 
Konigstrasse 11. They are 18 mm. square, lettered ** C,*' at a price of 2<. Qd» 


INTSODUCTION. 


XXlll 


Further necessary are some plane- and some hollo w-gronnd 
razors ; a fine and a coarse pair of steel forceps ; a finely pointed 
pair of dissecting scissors, for which fine embroidery scissors will 
serve; a pair of needle-holders, somewhat after the fashion of 
crochet needle-holders, bnt so arranged that, they will hold the finest 
needles firmly; English needles from No. 8 upwards, for these 
holders ; some scalpels, some fine painting brushes, a small vice, 
snch as used by watchmakers; some pipettes, glass tubes, and 
glass rods ; watch glasses of various sizes, and glass disks of suit- 
able sizes for covering them; low glass bell-jars (receivers), in 
order to be able to fit up moist chambers ; zinc frames, somewhat 
as represented in half-size in Fig. 1, on which to place the object- 
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slides under the bell-jars;* two bell -jars of suitable height, under 
which to be able to place respectively the compound and the 
simple microscope ; and lastly, elder-pith. For working, a tumbler 
of clean spring water is needed ; a saucer is useful for dirty slides. 

The list of the necessary reagents is to be found at the end 
of this book. Where the word "alcohol," or "spirit" and not 
** absolute alcohol," is used, strong methylated spirits can always 
be understood and is far cheaper. 

For the preservation of permanent preparations, many kinds of 
cabinets and cases are advertised. It is very important to re- 

per 100. They are in square boxes, are very light, and oome readily by post. 
Smaller sizes can be obtained, e.g. 15 mm. square, lettered *' G,'* at 2«. per 100. 
These are all 01 mm. thick. At 0*15 mm. (B) thick these sizes are 2$, Bd, and 
If. 9d. respectively. 

* Slides can be also left upon these frames to dry, after permanent mount- 
ing. If the frames cannot be kept perfectly steady, the slides may wriggle otV 
in time; to prevent this, sheets of paper ^-inch wider than the frame can bw 
bent over them on each stage, and the slides laid across these. By using 
blotting paper for these sheets, keeping wet, the bell-jar can be converted into 
a convenient moist chamber for a number of slide cultures at room temperature. 
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member that tlie objects sbould be kept in a horizontal position, 
and should be capable of ready supervision. 
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' From the special point of view of botanists : Naegeli and Schwendener, 
"Das Mikroskop," 2 Edit., 1877 i Dippel, ««Das Mikroskop," 2 Edit., 1882; and 
*' Qrundziige der allgemeinen Mikroskopie,'' 1885 ; Behzens, ** Hilsbuch im 
Botanisohen Laboratorium," 1883. 

[Carpenter, ** The Microioope/' 6 Edit., 1881.] 


In changing the objective in use from high to low power, or 
vice versa, much time and inconvenience is spared by the use of a 
" Nose-piece." This is screwed into the end of the microscope- 
tube, where the objective is usually placed, and is provided with 
apertures into which two or more objectives can be screwed ; and, 
by rotating these on a centre, any one can be brought into a line 
with the tube of the microscope. The best and cheapest are those 
of Zeiss, for 2 objectives, 20s. ; for 3 objectives, 27*. Both of 
these ar« constructed with the " English screw." 
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I. 

USE OF THE MICROSCOPE. STRUCTURE OF STARCH. 

Material Wanted. 

Potato, fresh. 
Potato starch, air-dry. 
Bean meal, air-dry. 

East Indian Arrowroot {Gv/rctvma leucorrhiza). 
West Indian Arrowroot (ifaranto). 
Grains of Wheat. 
Grains of Oat. 

Stem of the Sun Spurge {Euphorbia heUoscopia) and of E, aplendens, 
fresh. (Other species can replace these if necessary.) 

We will first obtain information about the separate parts of the 
compound microscope (Fig. 2, p. 2), and for this purpose we select 
Stand No. VII. A of the manufacture of Zeiss of Jena.* Upon 
this stand we distingrush the horse-shoe foot (/«), the supporting 
pillar (si), the stage (ot), the body or guiding sheath (Jh), the 
tube (t), the mirror («), and the micrometer screw (m). 

The mirror-frame («) combines two mirrors, that on the one side 
plane, on the other side concave. The former we use with weak 
the latter with strong enlargement, or magnification. [The mirror- 
arm is usually hinged, and sometimes jointed, so that it can be 
placed obliquely below the stage for oblique illumination. The 
beginner should always see that the mirror is directly below the 
aperture in the stage.] The stage is pierced in its centre by a 
circular aperture, which is intended to give passage to the light 
reflected from the mirror. Under this opening are found the 
cylinder diaphragms. They are fixed in a carrier, which can 

• I retain this, with modifications, as it matters little on what instrnmeDt 
(provided it is of simple construction) the mode of use is described. As this 
particular iustrument is not, and is not likely to be, largely used in England, I 
have added some supplementary paragraphs on the students' microscopes more . 
commonly in use here. [Ed.] 

B 
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be withdrawn laterally from the stage, and in which can be set dia- 
phragms of various widths, provided with the iDstrument. With 
the help of these diaphragms we regulate the illnmination accord- 
ing to necessity, a diaphragm with a small aperture allowing little 



Fio. 2.— Stand No. VII. A of Zeiss, with prism for drawing, cl, one-third actual size ; /«, 
foot; «l', lower, al", upper part of the pillar; ot, stage; cb, cylinder-diaphragms; fd, clips; 
8, mirror; m, micrometer screw [for fine adjustment] ; fht guiding sheath [for] t, tube j 6b, 
objective; oc, eye-piece. 

light to pass through, and so on in proportion to the size of the 
opening. Some of the stands of the same maker have, in place of 
the cylinder-diaphragms, an arched excentrically fixed diaphragm 
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disk, whicb. is rotated in order to bring different sized apertures 
into the optical axis of the microscope. [This ia the kind of 
diaphragm- wheel which is possessed by most of the students* 
microscopes of English makers. Though not perhaps quite so 
good, it is more convenient in use^ Best of all is what is. called 
an "Iris diaphragm," with which, by simply moving a lever,. the 
size of the aperture can be regulated at pleasure, and with the 
utmost nicety.] Upon the stage are clips (/d), which serve to 
keep the object in position during examination [and are parti- 
cularly necessary where the instrument is used in the sloping 
position]. If it is possible to do so, we will first remove these. 
The tube (t) is movable in its guiding-sheath (fh) [which is often 
lined with cloth to make the movement easier] . In larger stands 
the sheath is wanting, and the tube is raised and lowered by rack 
and pinion movement. [Most- of the better makes of English 
student microscopes have this rack and pinion coarse adjustment, 
and, for a small sum, most of those which are without it can be 
provided with it. It is, however, a doubtful advantage for the 
learner. The chances of accident with its use are perhaps numeri- 
cally fewer, but when they do occur they are more serious.] We 
withdraw the tube from the sheath and screw into its lower end 
the weak objective, about B of Zeiss, 3 of Leitz [or half-inch of 
English make. This will vary with the microscope. As seen in 
the Introduction, the English microscopes are usually supplied 
with 1 inch and j inch objectives. A much preferable com- 
bination would be a f and ^ inch. In purchasing it would be 
easy to arrange this. In microscopes provided with rack and 
pinion movement, the tube is not withdrawn, but raised suffi- 
ciently above the stage to allow the objective to be screwed in]. 
The relative power of the objectives can always be told by the 
comparative sizes of the front lenses ; the weakest power has the 
largest lens. We now replace the tube in the sheath, and ap- 
proach the objective so near the stage that it is only removed 
from it by somewhere over a quarter of an inch. In the upper end 
of the tube we place the eye-piece, No. 2 [or whatever our lowest 
power eye-piece may be. This likewise may be judged by the size 
of the glass. English eye-pieces are usually lettered]. It is on the 
whole desirable to use for general purposes the lower (weaker) eye- 
piece of the instrument of any maker; The drawing prism found 
over the eye-piece in the figure we pass over for the present.. We 
place our instrument opposite to a window, and at a distance of 
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about, or somewhat under, a couple of yards from it. While we 
now look down through the eye-piece, we change with the fingers 
the inclination of the mirror until the field of view of the micro- 
• scope appears to us bright and equally illuminated. In this we 
have to take care that the mirror is not (as, for example, it looks in 
the figure) pushed forwards or laterally out of the axis of the 
instrument, as we propose to obsejcve by direct (not oblique) illu- 
mination. On the other hand, in this stand [and in most English 
stands], we can, according as required by the strength of the light, 
slide the mirror on its bearer upwards or downwards in the 
optical axis of the instrument, thereby approaching it more nearly 
to the stage, or removing it therefrom. [The majority of English 
microscopes, instead of being supported on a single pillar (sZ') as 
in Fig. 2, have the body swung between two uprights, between 
which it is hinged, much as in Fig. 81, in Chap. XXI. hereafter. 
This gives gi-eater possibilities from the point of view of illumina- 
tion, has other advantages, and in the large " English stands," 
properly so called, is a necessity for observation. The learner is, 
however, strongly urged to learn to work with the instrument 
erect. The clips, then, are unnecessary for ordinary work. With 
a sloping stage, some appliance for keeping the object-slide in 
position is a necessity.] 

An object-slide is now wiped clean, and upon it, by means of a 
glass rod, a drop of spring water is placed. 

We will now commence with the investigation of a potato 
tuber. We cut this through with a pocket knife, and transfer a 
little of the sap which exudes from the cut surface into the dro]^ 
of water by means of the same knife. We then cover the drop 
with a cover-glass. This must also have been previously cleaned 
with special care. It is done best flat between the fingers with 
pieces of old linen.* [The cover-glass must be laid on as care- 
fully as possible, so as to exclude air from underneath it. For 
laying on, it can be held between the index- finger above, and a 

• This operation is not so simple as it seems. If the cover-glasses are thin 
they are very readily broken. The method I have found least destructive for 
learners is to bold the cover-glass by its edges between thumb and index-finger 
of one hand. Having slightly damped the same fingers of the other hand 
make a fold in a piece of silk, with the damp fingers flat above and below it, 
slip the glabs horizontally between, and gently rub the silk-covered fingers to 
and fro over its two surf acts. The silk will cling to the slightly damp fingers, 
and the process becomes easy. Some use little pads between which the cover- 
glass is placed, and the pads then moved about over its surfaces. [Ed.] 
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needle underneath it. By gradaallj withdrawing the latter when 
the cover touches the drop of water, it is lowered into its place.] 
If the drop is of proper size, no water will flow out from the side 
of the cover-glass. [The size of the drop has usually to be calcu- 
lated from the point of view of (1) the size of the cover-glass, and 
(2) the thickness of the preparation to be covered. Here the 
latter does not come into the calculation.] If water does flow out 
it can be removed with blotting-paper, or it is better to make a 
second preparation, as in this case most of the grains which we 
wish to observe will be sucked out by the blotting-paper. 

We now place our preparation on the stage of the microscope, 
so that the object lies over the centre of the stage-aperture. In 
order to focus correctly, we first slide the tube, carefully con- 
trolling its motion, so far downwards that it almost touches the 
object. Then, while at the same time looking through the eye- 
piece, we move the tube as slowly as possible upwards. This 
movement is best combined with a twisting of the tube inside 
the body-sheath. Soon the moment arrives when the previously 
invisible object begins to show itself in the form of small grains. 
If, on the other hand, we find we have removed the objective 
(object-glass) more than about |-inch from the object-slide, with- 
out having caught sight of the grains, these either do not lie in 
the field of view of the microscope, or we have raised the tube 
too quickly, and so overlooked the rapidly appearing and equally 
rapidly disappearing object. We must not then attempt by 
sliding the tube downwards to find the object, as thereby we 
should run into the danger of breaking the cover-glass, injuring 
the object, and destroying the objective (object-glass) ; instead, 
we a second time slide the carefully controlled tube so far down- 
wards that it almost touches the object-slide, and begin anew to 
raise the tube, more slowly than before, and at the same time 
looking through the eye-piece. If this also should not realize 
our purpose, it is to be assumed that the object does not lie in 
the field of view, and must be looked for again after altering the 
position of the object-slide. After a short time it will happen 
in all cases that the grains appear in the field of view, and we 
then discontinue sliding the tube, i.e., what we call the coarse 
adjustment, and attain the fine adjustment which now is wanted 
by the aid of the micrometer-screw (m. Fig. 2) . This we turn in 
one direction, or, in case the object thereby is made more indis- 
tinct, in the opposite direction. The adjustment (focussing) is 
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perfect when the figure appears as sharp as possible. In our 
example of a microscope stand (Fig. 2), the micrometer-screw is 
at the npper end of the pillar (jsV) ; bnt it can be variously placed 
according to the make of the instrument. In instruments of 
larger size, as in many English students' instruments, the coarse 
adjustment is not effected by hand and sliding tube, but by 
rack work and pinion. 

After we have determined by slight magnification the existence 
of small grains in the field of view of the microscope, and have 
noted, for subsequent use, the distance of this weak objective 
from the object, i.e., its focal or working distance, we leave the 
object-slide unmoved upon the stage, but withdraw the tube from 
its guiding sheath, unscrew the weak objective and screw in a 
stronger one, in no case as yet however an immersion objective, 
but rather about D of Zeiss, No. 7 of Leitz, [or a J or -J inch of 
the English makers]. We then replace the tube in its sheath, 
and push it down so far that once more the objective almost 
touches the cover glass. We again endeavour to catch sight of 
the object by raising the tube in its sheath. With a stronger 
magnification it must however be withdrawn far more slowly 
than with the weaker. As the preparation has lain unmoved 
upon the stage we know it to be certain that the object will be 
found in the field of view of the microscope. When the grains 
have become visible with the coarse adjustment, we complete the 
fine focussing (adjustment) with the micrometer screw. We 
shall find that the working or focal distance of the stronger objec- 
tive is considerably less than that of the weaker one [and always 
less in proportion as the objective is stronger]. 

We now begin the actual observation. The learner should 
accustom himself, so far as his two eyes are equally good, to 
observe with his left eye. The right eye is thus kept free and 
can be used in drawing while he continues to observe with the 
left eye. Many of the drawing prisms and appliances for the 
microscope are moreover constructed for the left eye (as shown 
in Fig. 2) ; and those who work with the right eye should inti- 
mate it on ordering such drawing prisms. The learner should 
also keep open the eye which is not in use. At first the surround- 
ing objects which are figured on the retina of the eye will disturb 
him ; but he will soon overcome the difficulty of concentrating all 
his attention on the eye in observation, and entirely suspending 
the activity of the other. 
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We readily recognise tliat the colourless bodies which occupy 
the field of view of the microscope are solid and show lamination. 
They are starch grains. We slowly move the object-slide here 
and there, in order to find a place where the grains do not lie 
too closely, because it is easier here to fix attention on a single 
grain. We select for persevering observation a g^in which 
shows the lamination with special clearness. As the movement of 
the object-slide under the microscope appears to be reversed, we 
shall at first find some difficulty when we wish to place a selected 
grain in the centre of the field of view ; and we shall have as 
quickly as possible to accustom ourselves to sufficiently control 
the slight moyements upon which it depends. If we have found a 
single specially favourable grain, we magnify it still more by now 
removing the weak eye-piece and replacing it by a stronger. [Hold 
the tube of the microscope firmly while you do this, or the focussing 
may be altered, and the objective perhaps run down on the cover- 
glass.] With perfect objectives the figure always remains good, 
though in all cases the light diminishes. We endeavour by im- 
proving the position of the mirror as far as possible to obviate 
this inconvenience. 

Now and then, after focussing the preparation, or after moving 
it, it will happen that the figure has lost in clearness. In all 
probability this is because fiuid from the preparation has got 
upon the under lens of the objective. This will happen especially 
easily when too large a quantity of fluid has been used, and has 
run out from under the edge of the cover-glass. We must then 
withdraw the tube from its sheath, and after having proved the 
supposition, wipe the front lens of the objective with a clean and 
often-washed piece of linen rag, or, still better, rub it with a 
freshly broken surface of a piece of elder pith. 

The starch grains of tjie potato tuber ^ attain a comparatively 
considerable size. They are excentrically constructed, as their 
organic middle point (c, in J., Fig. 3) is not the geometrical 
centre, but lies considerably nearer to one end. The layers 
appear variously sharp (A) ; between those more strongly marked 
can be seen others more weakly marked. Towards the surface 
of the grain the layering becomes indistinct. For optical reasons, 
and on account of its smaller density, the organic centre, or 
nucleus, appears rosy coloured. It shows up most. <;learly when 
it is hollowed. It then shows as a rosy point, as a line, cross, 
or star with dark outlines. The layers immediately surround- 
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ing the nnclens are developed concentrically, soon however the 
excentricity has influence, in that the layers diminish in thick- 
ness towards one end of the grain, so as partly in this direction 
to run ont into a wedge. At this more weakly developed end 
of the grain, which we can distinguish as the anterior end, 
the layering, on account of the small distance from the surface, 
is indistinct. The individual grains vary considerably in size, 
and moreover they deviate from one another in outer form to a 
not unimportant extent, and show the layering with various 
sharpness. Between the starch grains in most preparations will 
be found rounded bodies, which with median focussing show a 
small, round, bright centre and a broad, dark margin ; this last 

is black at its inner edge, 
* dark grey outwardly, and 

interrupted by a clear 
ring. These structures 
" are air-bnbUes enclosed 

in the fluid under observa- 
tion. Their appearance 
under the microscope is so 
characteristic that, once 
known, they can scarcely 
ever be confused with 
other appearances. The 
rays of light which pass 
out of the denser medium 
into the air-bubble are, 
with the exception of the 
central ones, so strongly 
refracted, that they canuot 
get into the objective, and 
hence the- broad dark edge and the comparatively small clear 
middle. If, by turning the micrometer sci-ew, the tube is lowered, 
so that the under part of the air-bubble comes into view, the sharp- 
ness and brightness of the middle disk increases ; it diminishes at 
the same time in size, while the breadth of the surrounding dark 
ring increases. If the screw is moved in the opposite direction, in 
order to focus upon the upper part of the air-bubble, the middle 
disk enlarges, but losing somewhat in brightness ; a grey ring of 
difEering brightness arises around it; the surrounding edge be- 
comes simultaneously narrower. 





Pig. S. — Starch grains from a potato tuber, 
A simple grain, B half-compound grain, C and J> 
entirely compound grains, c the nucleus (x 640). 
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If the observer has selected a beautifully laminated starch 
grain, it should now be drawn. The greatest possible stress is 
decidedly laid upon drawing in microscopical observation. With 
the help of it we in general first learn to see quickly. Then the 
peculiarities of the figure first become present to the mind of the 
observer, when he concentrates his attention upon it for the pur- 
pose of reproduction. Drawing therefore protects from transient 
superficial observation, enforces a penetrating, thorough study of 
the figure, and sharpens more than any other means our power 
of observation. The learner should first endeavour to represent 
the object by free-hand drawing. So much drawing ability as 
is necessary for this he may indeed possess, or can however 
readily obtain by practice the necessary facility. The object 
should not be drawn too small, even if the observer believes he 
sees it very small. A correct opinion on the size of the object 
in the field of view of the microscope is only obtained after long 
practice, and it is better at first that the learner should draw the 
object too lai^, in order conveniently to include in his figure all 
the details of the object. No less important is it to provide the 
individual parts of the figure with smtable distinguishing names 
('Herms ''), and to note the name of the plant, the object, and the 
most important results of the observation. 

The starch-gi*ains of the potato are somewhat flattened, as can 
be easily demonstrated if, during the observation, you press care- 
fully with a needle against the edge of the cover-glass, and so 
set the grains rolling. Upon the smallest grains the layering is 
usually but little recognisable. * 

Besides the simple grains (as in ^, Fig. 3) will be found also, 
after som;e search, semi-compound grains (as in B), These grains 
enclose two, rarely more, organic nuclei (or centres). Each 
nucleus is surrounded by a number of iti^ own layers, both to- 
gether by a smaller or larger number of common layers. Not 
infrequently the two inner complexes of layers are separated by 
a cleft, extending to the common layers (B), The number of 
layers peculiar to the individual grains, as well as of those 
common, varies according to circumstances. 

The completely compound grain, which is found far more 
commonly than those half -compound, consists of two. ((7), less 
frequently of three (D), rarely of more than three component 
grains. As a distinction from the semi-compound grains, the 
common layers are wanting in those quite compound. In the 


10 STABGH-GRAINS* 

line connecting the nnclei of the component grains the layers are 
most strongly developed. The component grains therefore tnm 
their posterior ends towards one another, their anterior ends 
away from one another. The line of separation between two 
component grains often broadens internally into a cleft. 

For comparison we now pnt np a preparation of potato starch 
which has been preserved in an air-dry state. We proceed in 
this qnite similarly to the preparation of the first object, and 
transfer a trace of the meal into a drop of water. As the object- 
slides may differ in thickness, it is advisable to raise the tube of 
the microscope prior to placing under it the new preparation. 
[This is not of course necessary in using the low powers.] 

The first preparation, as it will be again required later, we 
place in a large moist chamber. This moist chamber consists of 
a deep plate and a glass bell-shade with knob. On the plate 
stands the zinc frame, which we discussed and figured in the 
Introduction (Fig. 1) ; so much water is also poured into the 
plate till the bell-shade has its lower edge quite immersed in it. 
The preparation is laid upon the frame. But first we assure our- 
selves that the drop of water under the cover-glass of the prepara- 
tion is not already partially dry. If this should have happened, 
we place at the edge of the cover-glass, so that it shall be sucked 
in, a new drop of water. "We also mark the object-slide, and best 
with a coloured ci-ayon which writes directly on the glass. 

Upon examination of the new preparation we shall find that 

the lamination of the air-dry starch is at least as sharp as that 

of the fresh. This preparation also we place in the moist chamber. 

We further make a preparation of air-dry bean flour (Phaseolus 

vulgaris). The grains (Fig. 4), examined in water, appear 

circular or oval ; they are a little 
flattened ; a certain medium size 
predominates. The lamination 
is very clear and very uniform ; 
the lamellae show almost equal 
thickness. The structure is con- 
FiG. 4.-starch.grain8 from the cotyie- centric. The nucleus of grains 

dons of PhoMoltis vulgaris (x 640). . , . . . «• i, -, 

examined m water is hollowed, 
more isodiametric in the rounded, elongated in the oval forms. 
From the nuclear hollow extend radial clefts, which cut through 
the layers at right angles, and, thinning off, reach almost to the 
periphery of the grain. 
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We lay a trace of this bean-meal, in similar manner, in a drop 
of glycerine instead of in water. In this fluid the starch-grains 
appear sectionally smaller ; of lamination not a trace can be 
recognised ; the inner hollow and the clefts are wanting. These 
are formed under the influence of water, in which the bean-starch 
swells somewhat. 

The starch of the East Indian 
arrowroot (^Curcuma leucorrhizd) is 
otherwise constructed. "We put up a 
preparation of the commercial starch, 
which is usually not difficult to ob- 
tain. Genuine East-Indian arrowroot 
shows in its grains a very excentric 
structure (Fig. 5-4), at the anterior 
end strongly tapering, beautifully 
and regularly layered, and very flat. 
Often a considerable number of grains 
cling together by their flat sides, and, 
viewed from the edge, appear like 
rolls of coins (JB). The size and form 
of the grains varies not inconsiderably. 

The West-Indian arrowroot, also called in short Arrowroot, 
from the rhizome of Ma/ranta, especially of Maranta arundindcea, 
is easy to obtain in shops, but gives however, from the point of 
view of its structure, much less interest than the East-Indian 
arrowroot. Observed in water, the grains show great similarity 
to the starch-grains of the potato ; only they are usually less 
clearly, and, in exchange, more uniformly layered ; somewhat more 
rounded ; on the whole smaller ; also more uniform in their size. 
At the position of the nucleus is usually found a cleft in the form 
of a wide open V. 

Wheat meal shows the layering very 
badly ; as relatively the most favour- 
able, we choose the starch-grains of 
Triticum durum for observation. We 
halve the Triticum grain with the 
pocket-knife, and scrape off a little 
substance from the cut surface, and 
put it in the drop on the object-slide. 
The large starch-grains are circular, discoidly flattened, and re- 
gularly laminated (Fig. 6 -4), but the layers are usually hard to 


Fig. 6.— Starch*grain8 from the 
commercial Bast-Indian arrowroot 
(from the rhizome of Curcuma 
leuoorrhvtay. A, seen from the sur- 
face ; B, several grains clinging to 
one another, seen from the edges 
(X 640). 



Fis. 6.— Wheat-meal from Tri- 
ticum durvmi. A, a large, B, small ' 
grains. 
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A B 

Fig. 7.— Starch from Avena 
aativa. A, a compound grain ; 
B, its component grains (x 
540). 


see. In many grains they will always be easily recognised, as 
well as the central nucleus. As a characteristic appearance will 
be found in the preparation, besides the large starch-grains, almost 
without transition sizes, small grains, with clear rosy nucleus, but 
without recognisable lamination. A number of such grains are 
recognised at B, In many preparations compound grains are not 
altogether rare ; in most they are sought 
for in vain, as they have fallen into their 
component grains. 

The starch-grains of the oat (Avena 
sativa) we take as the best, inasmuch as 
we halve an oat-grain and take a little for 
observation under water. The compound 
grains here are met with in great beauty, 
such as is represented in the adjoining 
figure. The size of these compound grains varies, and proportion- 
ally also the number of the component grains entering into its 
structure. The Fig, 7 A represents such a compound grain of 
medium size. The individual component grains appear polygonal, 
separated from one another by clearer looking boundary lines. 
Between the great grains are seen small ones, down to such as 
consist of but two component grains ; lastly also quite simple ones ; 
besides also numerous angular grains {B) which arise from the 
large compound grains broken down in making the preparation. 
A medium size, somewhere about our Fig. A, is met with by far 
most commonly amongst the compound grains. The lamination 
in this object is not visible, the nucleus is only exceptionally 
indicated. 

Of quite peculiar appearance are the 
starch-grains in the latex (milk) of the 
EuphorbiaceeB. A piece of the stem of a 
spurge is cut ofF, and the cut surface is 
plunged in the drop of water which is ready 
upon the object-slide. The latex which 
flows out from the cut surface mingles 
with the drop. We can select for example 
the universally distributed Euphorbia helio- 
scopia [sun-spurge] for our investigation. 
In the latex, which appears distributed in 
small drops, like an emulsion, in water, we shall see isolated, 
small, rod-like bodies (Fig. 8). Thgse are the starch-grains in 



Fig. 8. — Starch-grains 
from the latex of Euphorbia 
helioBcopia ( x 540). 
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qnestion. They appear pretty strongly refractive ; a lamination 
is visible only in the most favourable cases ; sometimes a longi- 
tudinal cleft is recognisable in the interior of the grain. The 
size of the rods is somewhat variable, many of them are a little 
swollen in the middle. Much more beautifully formed grains of 
this kind are possessed by the tropical Euphorbiaceee. We choose 
for this examination Euphorbia splendens, so commonly grown in 
plant houses, and make the preparation in the same way as stated 
above. The starch grains which now put in an appearance (Fig. 
9) have the form of bones. [In the same latex will be found 
others shaped like rods, and still others with greatly enlarged 
ends, like dumb-bells] ; they appear more or less swollen at 
both ends, are somewhat longer than those of our native forms, 
and in the swollen parts permit something of the lamination to 
be recognised. Very commonly we seie a 
colourless vesicle adhering to the sides of the 
grain (A), the walls of which, however, are 
referable, not to the substance of the starch- 
graiu, but the plasma mass adhering to it. 
It must strike the observer that the small 
latex globules distributed in the water are 
in tremulous motion. This is the so-called 
Brown's molecular movement [the " Brownian 
movement"], which we can therefore take 
this opportunity of learning to know, and 
which, not a phenomenon of life, is referable 
perhaps to fine streams in the fluid carrying with them the minute 
bodies. 

After getting this information on the form and structure of 
the starch-grains, we will produce some reactions upon them, and 
study directly, under the microscope, the result of the action. 
We take first a preparation of potato-starch again out of the 
moist chamber. After focussing we place a drop of a solution 
of iodine (iodine- water, alcohol-iodine, or tincture of iodine, or 
potassium-iodide iodine) at the edge of the cover-glass. In 
using the reagent we must take special care that the drop does 
not run upon the cover-glass and thence upon the objective. If 
a drop comes upon the cover-glass, let it be immediately sucked 
off with blotting paper. If the reagent reaches the objective, 
plunge the lower lens of this latter in pure water, and clean it 
afterwards with the pieces of linen rag already recommended. 



Fig. 9.— Starch-grains 
from the latex of Eu- 
phorbia splendens. One 
of the graias has a vesi- 
cle attachedi laterally 
(x 640). 
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In order to see the action of the iodine solution directly, await 
its penetration to a spot previonsly selected, this spot, however, 
being chosen not too far from that part of the edge of the cover- 
glass at which the reagent is placed, and follow by movement of 
the object-slide the progress of the action. We see, immediately 
the influence of the iodine solution begins to make itself felt, the 
starch-grains stain bright bine, and rapidly ever darker till they 
are black-bine. At the 6rst moment of the action the lamination 
shows up clearly, only immediately to disappear in the grain when 
it becpmes opaque. With potassium-iodide iodine solution, in 
case this is added in considerable quantity, the action produces 
quickly a dark-brown coloration of the grain. Similarly dry 
starch-grains, which are exposed to the action of iodine vapour, 
become deep dark-brown. If we add water to such a preparation' 
the brown passes rapidly into blue. If the action of the reagent 
should not proceed rapidly enough under the cover-glass, it can be 
readily accelerated by fragments of blotting paper placed at the 
opposite end of the cover-glass. 

We should stain with iodine solution the rod, etc., shaped 
grains of the Euphorbia also, in order to demonstrate that, in spite 
of their variable form and of their scarcely noticeable lamination, 
these bodies are true starch-grains. 

Let us further study the phenomena of the swelling of starch- 
grains under the influence of potash (potassium hydrate). First 
we again take potato-starch, and await the entrance of the re- 
agent, placed at the edge of the cover-glass. The action of this 
must take place quite gradually, if it is to be instructive. We 
then notice, at the first moment of the action, that the lamination 
stands out more clearly, quickly, however, to disappear, while the 
grain increases in size. During this enlargement, which proceeds 
with more or less regularity, the nucleus of the starch-grain 
hollows considerably, upon which the wall of the weaker side, 
therefore towards the anterior end of the grain, sinks into the 
hollow. Later on the regularity of the phenomena disappears 
altogether, and the grain enlarges to a mass as clear as glass, of 
considerable volume, the limits of which are scarcely distinguish- 
able. , 

Finally, we can endeavour by warming the preparation to cause 
the starch to swell, a treatment such as indeed is in use in the 
preparation of paste. The preparation is warmed over a spirit or 
gas flame, without allowing it to boil, and taking care to replace 
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the evaporated water by fresh. If in wanning a temperature of 
about 70° C [approx. 160 F] is reached, the grains will be found to 
be swollen just as in treatment with potash. [If it is wished to 
detdrmine accurately the temperature at which swelling ensues, 
the warming of the preparation must be effected upon a special 
table which can be heated, and its temperature registered. Such 
a itkhle by Ranvier,^ can be specially recommended.] 

With this we close our first Lesson.* Before we put the micro- 
scope on .one side we carefully clean, in the manner before de- 
scribe, the objectives and eye-glasses [together with any other 
pieces of apparatus] that we have used. We withdraw the 
microscope tube from its sheath in order to rub it, and also the 
interior of the sheath, with a rough towel. Instead of again 
replacing the microscope in its cabinet, we prefer to place it under 
a glass bell-jar, which latter, in order to protect the instrument 
as much as possible from dust, can have its lower edge covered 
with felt. 


NOTES TO CHAPTER I. 

^ Ck)mpare herewith Naegeli, Die Stdrkekdmer, in Pflanzenphys. Unterswhtiri' 
gen, Heft 2 ; E. Strasburger, Bau und Wachsthum der Zellhaute, p. 107, where 
the farther literature will be found. 

2 Ranvier, Traiti d'HUtologie, p. 41. 1876. 


* The chapters in the original are called ** tasks," or ** lessons." 
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II, . 

ALEUEONE-GBAINS, PEOTEIN CRYSTALS, FAT OIL, MOUNTING OF 
PERMANENT PREPARATIONS, USE OF THE SIMPLE MICROSCOPE. 

Material Wanted. 
Dried Peas. 
Grains of Wheat. 
Seeds of Lupine (Lupinus). 
Seeds of Castor-oil {JRdcinus commtmis), 
Brazil Nuts (Bertholletia excelsa). 

We examine, first of all, the Pea (Fisvmi sativum), A ripe seed 
is halved by a sharp pocket-knife, and in snch a manner that 
the two cotyledons (seed-leaves) are cut across. Take then from 
the cut surface a thin cross section with a sharp, hollow-ground 
razor. On the subject of section-cutting with the razor the fol- 
lowing points can be noted : — 1. The cut surface is to be moistened 
before cutting the section, most commonly with water, though in 
this case with glycerine, since the preparation suifers from water, 
and we shall observe it in glycerine. 2. The first section is not 
to be used, as here the tissue would be too much injured by the 
pocket-knife. 3. In such resistant tissues as that of the pea only 
very small and exceedingly thin sections ought to be taken, as 
the edge of the razor would be very easily notched. If the razor 
has gone too deeply into the tissue, and it is seen that the resist- 
ance to its progress increases, it is better to withdraw the razor, in- 
stead of forcing it to the end of its cut. 4. Unless the investigation 
requires it, it is advisable not to commence the section with the 
outer surface of the object, but rather to lay the razor on the cut 
surface, as thus a far firmer support is obtained in order to get a 
thin section. 6. In order to get a really good section, that is one in 
which the individual elements of the tissue are not torn, the razor 
must not merely be pressed with its edge against the object, but 
at the same time drawn across it. It is well, therefore, in order, 
to cut as freely as possible, to accustom yourself not to rest the 


MANIPULATION OF SECTIONS. . 17 

thumb of the cutting hand upon the other hand. Instead of this, 
both hands can with advantage be rested against the breast, be»- 
cause thereby lateral movement of the cutting hand is not hin- 
dered. The back of the razor should be supported on the index 
finger of the hand supporting the object. 6. As it is difficult to hold 
so small an object as a half pea, especially when it is also so hard, 
sufficiently firmly between the fingers, it is recommended to use 
for the purpose the small hand- vice described in the Introduction. 
The half pea is therefore fixed sufficiently deeply in this. 7. It 
is not advisable to be satisfied with a single section, but to take a 
considerable number, in order to make choice of the best. 

The section selected should be observed in glycerine,, either 
concentrated or diluted with one-third distilled water. Pure 
water is not available for this, because it quickly sets up appear- 
ances of disorganization in the ground substance of the cells. The 
transfer of the section from the razor to the glass slide is best 
made with a fine camel-hair brush. The section is removed by 
pressing the brush upon it and sliding it off from the blade. If it 
adheres to a sufficiently broad surface of the brush, rolling up 
(" curling ") of the section will be prevented ; curling occurs very 
easily, on the other hand, if the section is taken directly by its 
edge with the tweezers and so transferred. The section adhering 
to the brush is immersed flat in the drop on the glass slide, and 
the brush withdrawn laterally with a simultaneous twisting move- 
ment. If it is desired to turn a section over when on the object- 
slide, the brush can be pressed down on the object-slide so that 
it is in contact with the edge of the section, and then begin to 
turn it over away from the section. In this way the section will 
be very easily drawn upon the upper surface of the brush, and 
can then be turned over with it. Other similar tricks will soon 
be acquired in practice. After every time of use the brush must 
be most carefully washed in water. 

Examine the section of pea with a strong magnifying power. 
It proves to be a tissue composed of rounded cells. At the places 
where three suph cells adjoin one another a triangular intercellTilar 
space (i) filled with air, is present. The air appears black, like 
the edge of the air bubbles previously described ; here it naturally 
must show the form of the space, since it fills it. The wall of the 
cells (m) is pretty thick. In the adjoining figure the three middle 
cells are completely, the surrounding ones only partially, repre- 
sented. In each cell can be seen the large starch-grains {am), and 
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with some care also the small grains {al) which lie between them. 
These grains are, for their part, imbedded in a very finely grannlar 
groond-substance (p). From thin parts of the section many a 
starch grain will have fallen out ; a hollow of similar form and 
size in the granular mass will indicate these places. The small 
grains are Aleurone or Protein-grailLS ^ ; they lie in the ground 
substance of the cell. If we run iodine solution into the prepara- 
tion, the coloration which ensues gives us immediate information 
as to the individual constituents of the cells. The drop of iodine 
solution is placed at the edge of the cover-glass ; as, however, the 
iodine solution diffuses very slowly in the glycerine, and it is not 
our present purpose to study the progress of the reaction, we 

accelerate it a little by 
^ I ^ slightly raising the edge 

of the cover-glass with a 
needle, and so permit the 
mixture of the iodine with 
the glycerine. A second 
needle placed at the same 
time against the opposite 
edge of the cover-glass pre- 
vents it from slipping. The 
starch-grains colour blue to 
violet ; the aleurone-grains 
and the ground-substance 
yellow. By the use of potas- 
sium-iodide iodine the color- 
ation of the aleurone-grains 
and ground-substance be- 
comes very intense ; but the starch-grains are at the same time 
over-coloured, and appear then black-brown. If sections of pea 
are laid in a drop of borax-carmine solution, in an exceedingly 
short time the ground-substance, and also almost simultaneously 
the aleurone grains, colours dark-red ; the starch-grains remain 
colourless. The reaction becomes especially striking if, after the 
section is thoroughly soaked in the carmine solution, this is re- 
placed by dilute glycerine or by water. This is done by sucking 
out the carmine solution by a piece of blotting-paper placed at the 
edge of the cover-glass, while at the same time the water or dilute 
glycerine is run in under the opposite edge. If a section is placed 
in Millon's reagent, the starch-grains swell very strongly, and 



Fie. 10.— ^om the cotyledons of the Pea. m, 

oell wall; i, intercellnlar space; am, starch; al, 

, aleurone grains ; p, ground substance ; n, nucleus. 
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become unrecognisable; alenrone and ground-substance are im- 
mediately disorganized; the disorganized mass however, after 
some time, takes on a chai-acteristic brick-red colour. If still 
another section is laid in acetic ized methyl-green, after a short 
time there appears in each cell, between the other constituents, 
a greenish-blue spot of rather indefinite outline. This spot is the 
Kucleos (n). The other constituents of the cell have not stained; 
the starch-grains are just a little swollen (they show radial clefts, 
which are wanting in glycerine), and the aleurone-grains also have 
increased in size, and appear as if porous or even hollow. We 
recognise therefore in aceticized methyl-green a reagent which in 
the present case recommends itself as a special staining material 
for the nucleus. Simultaneously, it is true, the cell-walls also 
stain, but this does not injure the value of aceticized methyl-green 
as a reagent for nucleus staining. The cell-walls appear of a 
beautiful bright blue colour, and, as the result of this, are traced 
out in the glycerine preparations much more readily than before. 
The intercellular spaces also stand out more sharply. 

In the yellow-brown iodine reaction, the accumulation of colour 
materials, and the brick-red from Millon's reagent, we have 
learned to know the most important means whereby 'to recognise 
under the microscope 


albuminous bodies^ for 
to these belong aleu- 
rone-grains as well as 
protoplasm and nucleus. 
Protoplasm, as will be 
seen again later, shows 
these reactions first 
when it is dead ; in this 
case death results from 
the action of the re- 
agents. The substance 
of the nucleus shows a 
specially strong afl&nity 
for the colour materials. 
A grain of wheat 
(Triticum vulga/re) can 
be recommended as a 
second object of investigation. 



Fio. 11.— Cross section throngh a grain of whea 
(Tnticum vtilgare). p, pericarp of fruit ; t, testa of seed. 
In the endosperm cells succeeding to these : al, alea- 
rono'grains ; am, starch-grains; n» nacleos ( x 240). 


The grain is- first halved (across) 
with a pocket knife, then one half fixed in a small vice in order to 
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have sections taken from it. This time it is desirable so to take 
the sections that a piece of the skin also is represented on them. 
In cutting, moisten the cutting surface with glycerine, and ob- 
serve the object in the same fluid (Fig. 11). Under the skin, 
formed of cells pressed closely together and dead (p), which 
represents the combined skin of the fruit (pericarp) and of the 
seed (testa), lies a layer of rectangular cells, which are thickly 
filled with small aleurone-grains (al). The aleurone-grains are 
embedded in a finely granular ground-substance. Then follow 
elongated, less regular cells, which contain large and small starch- 
grains. This is not difficult to determine with suitable reactions. 
We will now " mount ** a successful section of the wheat-grain, 
and by this means learn how to put up a permanent preparation 
[or, to use the common phrase, how to permanently "mount" a 
preparation]. We will employ first the simplest method of pre- 
paration, which is here so much the more desirable, as it gives 
a very favourable result : we enclose the section in glycerine-jelly. 
Place upon the glass slide so much of this jelly-like substance as 
we believe will suffice to form a drop. Then warm the glass slide 
slowly over the flame of a spirit-lamp, till the jelly has become 
fluid. The section is then laid in the drop, and a cover-glass 
placed over it. It is advisable first to warm the co^er-glass a 
little, as otherwise air-bubbles will easily remain in the prepara- 
tion, and for similar reasons it is desirable not to place the cover- 
glass on quite horizontally, but with a slight lateral movement. 
If, in spite of this, air-bnbbles are CDclosed, the glass slide can be 
warmed a little, and by careful raising of the cover-glass endea- 
vour to bring the air-bubbles to one side. If the air-bubbles are 
not troublesome, the task of removing them can be given up. If 
several sections are placed in the same drop they should be uni- 
formly dispersed in it. Truly it often happens that, in laying the 
cover-glass upon them, the sections come into contact with one 
another, and even lie upon one another. If the cover-glass is 
raised on one side to secure order, the contrary to this is often 
produced. Another comparatively simple method is therefore em- 
ployed. By warming the glass slide, make the drop as fluid as 
possible, and then, without lifting the cover-glass, pass in a hair 
from one side. With this hair seek out the object to be rectified, 
an operation which usually tends to succeed. Before covering 
with the cover-glass -it is, above all, necessary to make sure that 
no particles whatever of dust have found access to the drop of 
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glycerine-jelly ; any such should be removed with the needle. As 
these manipulations can only be carried on with a suitable 
magnification, this is at the same time the moment to learn the 
use of the simple microscope in connection with the methods of 
preparation under the compound microscope. 

I assume in the first place that the observer has at his disposal 
a small dissecting microscope (compare Introduction, p. viii.), either 
as Fig. 12, or some other of like construction. Over the stage (ot) 



Fxo. 12.— Small dissecting zniorosoope of Zeiss, on foot, two-thirds natural size. Ot, stage 
d, lens, sheathing toothed support for lens-arm ; tr, screw for fine adjustment ; «, mirror; 
p, wooden supports for hands in dissecting, etc. 

of this small dissecting microscope (Fig. 12) is placed a lens ((2), 
borne on a horizontal arm. The horizontal arm is fixed to a steel 
upright (gt), which can be moved up and down inside a tube. By 
this movement is brought about the coarse adjustment. The fine 
adjustment is effected on the other hand by turning the screw 
(sr). The instrument is screwed into a dissecting foot, the high 
ends of which (p) serve as resting-places for the hands in the 
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processes of preparation or dissection. The instrument is pro- 
vided with two, or with three lenses, magnifying 15, 30, and 60 
diameters, and it is an advantage also to have lenses magnifying 
five and ten fold. 

The larger dissecting microscope of Zeiss (comp. Introduction), 



Fio. 13.— Large dissecting microscope (Zeiss), half natural size, ot, stage ; p, wings as 
arm rests ; »r, screw head for adjustment; I, system of lenses, of which ch is the objective, 
oe the eye-piece. Upon the stage is an object-slide fixed with the clips. 

or other of similar construction, has also a system of lenses (I, Fig. 
13), consisting of three achromatic lenses, which can be combined 
into an objective (oh), a tube, and an achromatic eye-piece. In 
order to work with slighter magnification, the objective can be 
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used alone as a lens, the eye-piece, together with the tube, being 
unscrewed. The three lenses of the objective can also be nn* 
screwed from one another, and the upper lens alone can be used, 
the two upper, or the three simultaneously. Magnification of 15, 
20, and 30 diameters can be thus obtained. The adjustment is 
completed by turning the screw-head (sr). On both sides of the 
stage (ot) "wings" (p) are fixed, to serve as hand supports in 
dissection.* 

In order to prepare or to dissect with the compound microscope, 
what is called an " erecting eye-piece " can be used in the place of 
the ordinary eye-piece of the microscope. This " erecting " eye- 
piece reverses the image of the object ; and as, in a compound 
microscope, the image is normally upside down, it is thus rectified. 
It is, however, quite possible, though to a beginner very difficuU, to 
dissect, etc., with the ordinary compound microscope. With prac- 
tice one comes to realize that every movement is reversed, and to 
govern the movements accordingly. The low powers can then be 
freely used for dissection and preparation. In dissection, etc., 
with the compound microscope it is of advantage to have two 
blocks of wood of suitable size, which can be placed on either 
side of the stage, and will serve to support the hands.f 

Whichever of these instruments is used for preparation, we first 
lay the preparation on its stage, that we may free it from any 
foreign bodies which may happen to be present. For this purpose 
the lowest magnification that is at our disposal is used. This, in 
the larger microscope for preparation, of Zeiss (Fig. 13), is fifteen 
diameters. The distance of the object [from the lens] would then 
be about IJ inch. With this instrument, even with the strongest 
magnification, viz., 100 diam., this distance is more than -J- inch 
After proper adjustment of the mirror («) and of the image, take 
in each hand a needle fixed in a holder (see Introduction), steady 
the hands on the rests, bring the points of the needles into the 
axis of the instrument, and endeavour to see both simultaneously 
in the field of view of the microscope. This will soon be success- 

* I have retained tbe above descriptions intact, as they illustrate pretty fnlly 
the structure of dissecting microscopes in general. For an account of other 
instruments by English makers, see the Introduction. In choosing an instru- 
ment I would specially urge the importance of stable arm-rests, as in the above 
Fig. 12. An instrument satisfying all the requirements of even more than the 
beginner ought not to cost more than about SOs. [En.] 

t This remark equally applies to those forms of simple (or dissecting) micro- 
scopes which are unprovided with rests. [Ed.] 
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fully accomplished, and then by means of a few experimental 
attempts learn how to make the necessary slight movements with 
the needles. This easy problem of removing the foreign bodies 
out of the preparation with the points of needles will soon be com- 
pleted to our satisfaction, whereupon we proceed to lay the cover- 
glass upon the drop of fluid. If this in the meantime shall have 
become too viscid, it can be again warmed before being covered. 

The glycerine- jelly preparations need no further enclosing, are 
therefore prepared in the simplest possible way ; and as most vege- 
table objects, even stained ones, preserve very well in glycerine- 
jelly, we can recommend this method in preference to others. 

The preparation must then be labelled, preferably at both ends 
of the glass slide [with gummed circles or squares of paper], upon 
which must be written at least the name of the plant, the nature 
of the object, the direction of the section, if it be one, the medium 
in which it is preserved, any staining material used, and the date. 
If it is desired to keep the preparation slides stacked on the top of 
one another, then they must be protected from contact by card- 
board-labels in the place of those of paper. The cardboard labels 
should be cut the breadth of the glass slide, by about f -inch in 
the other direction. On these the information, as above, can be 
written. The card-labels are best fixed on with " Crystal Palace 
Cement," or other similar medium [or they can be fastened with 
Canada balsam dissolved in turpentine]. If it is necessary to 
fasten them with gum, it is best to cover each end of the slide 
first with a strip of gummed paper, the end& of which shall fold 
over and overlap under the slide, and fasten the card label on 
these ; otherwise the label would easily spring away from the slide. 

Take now the seed of the white Lupine {Lu^mM alhus), or other 
allied species. Once more halve the seed across, and take sections 
from the moistened cut surface. Sections observed in water show 
in the cells rounded aleurone-grains with vacuoles. In order to see 
the grains in their natural form they must be observed in gly- 
cerine. The grains then appear, at first refractive, angular, 
gradually forming in their interior a fine network, granular. 
Lying closely together they fill up the cell ; a small quantity of 
ground-substance lies between them, more ground substance can 
be observed against the walls of the cells. The walls of the cells 
are very strongly thickened and pitted, a structure which we 
shall, however, study later on a more favourable object. In 
iodine-glycerine the grains take a beautiful golden-yellow colour. 
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In the next place remove the shell-like testa from the seed of 
the castor oil plant (^Bicinus communis), cut it through across, and 
make preparations just as above from it. The tissue of the endo- 
sperm is capital material to cut ; it contains very much fat oil, and 
need not be moistened. The sections can be observed in water, the 
disturbing efEects of which, by removal of oil, come but gradually 
into operation. The aleurone-grains, imbedded in a ground-sub- 
stance very rich in fat (Fig. 14, A), enclose in their interior usually 
one, but sometimes two or more. Protein-crystals [or so-called 
crystalloids], and usually a single rounded body, the Globoid, 
which is of inorganic composition, the combination of double 
phosphoric acid with lime and magnesia. With longer action of 
water the ground-substance in which the aleurone-grains lie is 
disorganized ; great masses of oil collect around and on the 
object. These cling partly 
to the object and the glass, 
and have an irregular 

form, partly lie free, and }}}^y-^---^^^/^\^,^-p* Mr n 
then are globular. They j^J':V^^i:>N^ ff 

are mostly clouded with .^ - - 
numerous vacuoles. If 
the microscope is adjusted 
so as to show an optical 

section of such an oil Fig. 14.— From the endosperm of Ricinua com- 

drOTl if nnnpfim l>ricrlif munis. .4, a cell of the endosperm with its contents, 

up, appears D gn viewed in water; B, single alenrone-grains seen 

grey, and is surrounded inoUveoil; g, the globoid j fc, the protein-crystal 

by a narrow black limiting 

zone. If the tube of the microscope is lowered, the dark ring 
disappears; the disk appears somewhat more brightly surrounded. 
If the tube is raised, the dark zone, which in the mid-position of 
the tube is narrow, becomes broader. Oil-drops show, therefore, 
reverse appearances to those which have been previously observed 
in air-bubbles. Air refracts light less, oil more strongly, than 
water ; hence their opposite relations. These relations should be 
noted for future observation. Bodies which are less refractive 
than the medium in which they are observed, have an inner 
brighter part which, with deeper focussing, is so much the smaller, 
an outer darker part which is so much the broader; with more 
strongly refractive bodies these relations are exactly reversed. 

If we run absolute alcohol under the cover-glass of the prepar- 
ation of Bidntis, which is at present in water, the preparation will 
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" clear " somewhat ; and simultaneously the protein-crystals in the 
aleurone-grains come out very sharply. They are now so clearly 
defined that this method of manipulation is recommended in 
order to study their form, — ^hemihedral tetrahedra of the regular 
system. * After longer action of the alcohol, the oil-drops^s- 
appear more and more, as castor oil, in contradistinction to 
other fat oils, is miscible with absolute alcohol. Now make 
another preparation of Bicinus seed, lay it on the glass-slide in a 
drop of glacial acetic acid, and cover it with a cover-glass. The 
protein-crystals swell and disappear in the aleurone-grains. These 
latter increase considerably in volume, the globoids also enlarge, 
and show up very clearly in each aleurone-grain. Drops of fat 
are, however, not visible, because castor oil, again acting as an 
exception, mixes with- glacial acetic acid. Otherwise absolute 
alcohol and glacial acetic acid, because normally they either not 
at all or but slightly dissolve fat oils, while on the other hand 
they are solvents of ethereal oils, are the best reagents for the 
purpose of distinguishing between these two classes of oil under 
the microscope. Of ethereal oils, the terpene dissolve somewhat 
less easily than the others in both the above reagents. Chloroform 
and ether dissolve fat and ethereal oils equally. 

To a preparation mounted in water run in alcanna (alkanet) 
tincture diluted with water. The fat masses soon accumulate colour 
and stain reddish brown, a reaction which ethereal oils and also 
resin alike show. 

Logwood (HeBmatoxylin) added in small quantity to a prepara- 
tion in glycerine, stains the protein -crystals a beautiful violet. 
In olive oil the protein-crystals are not visible ; the whole grain 
on the other hand appears a strongly refractive, rounded body, at 
one of the ends of which the globoid simulates the appearance of a 
vacuole (Fig. 14, B) . The protein-crystals come out very beauti- 
fully if the section is laid in a drop of 1% osmic acid ; they gradu- 
ally take on a brownish tint. By the same reagent the oil is 
slowly blackened, a peculiarity wjiich fat oils have in common 
with ethereal oils ; this reaction is, however, not characteristic, as 
many other organic substances become black in osmic acid. 

Protein -crystals of extraordinary beauty, which show readily 
all the characteristic protein reactions, are to be found in the 
endosperm of the seeds of Bertholletia eaccelsa, the well-known 
** Brazil nut." In this also the sections are exceedingly easy to 
obtain. If to a preparation laid in water is added absolute alcohol^ 
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the protein-crystals come ont very sharply. The fat oil is not 
touched to any extent by the alcohol. It remains nnchanged also 
in glacial acetic acid, while the protein-crystals are immediately 
dissolved. In 1% osmic acid the crystals become very distinct. 
These crystals are so large, that their form can be made out even 
by comparatively smaller magnification. Near the crystal lies a 
globoid, this latter being here always in the form of an irregular 
aggregation of rounded bodies. The ground-substance is very rich 
in fat, and with 1% osmic acid becomes everywhere quite black. 
The granular contents of the aleurone-grain also take on quickly 
a dark coloration, while the crystals themselves colour slowly yel- 
low. The crystals are optically uniaxial. 


NOTES TO CHAPTER IF. 

' Compare Pfeffer, Jahrb, filr wiss, Botanik, viii. p. 429, where the other 
literature will be found. 

* Sohimper, Untera, U, d, Proteinhrystalle d, Pflarizen. Inaugural Dissertation, 
Strasburg, 1878. 


28 MOVEMENTS OF PROTOPLASM. 


CHAPTER III. 

MOVEMENTS OF PROTOPLASM ; NUCLEUS. DRAWING WITH THE 
CAMERA, ETC. ; CALCULATION OF MAGNIFICATION. 

Material "Wanted. 

Flowers of Tradescantia (best T, vlrginica). Fresh. Or, very young 
shoot of a Gucurbita (gourd, pumpkin, cucumber, vegetable 
marrow, etc.). 

Young roots of the Frog-bit {Hydrocharis morsus-'rancB). Quite fresh. 

Strong, oldish, leaves of Vallisneria spiralis. Fresh. 

Young parts of Nitella, Fresh. 

We will first study now the phenomena of the movement of living 
protoplasm, and select as one of the most favourable objects for 
this purpose the hairs on the staminal filaments of Tradescantia 
(the Spider-wort). Tradescantia virginica, and other closely- 
allied species, are cultivated in every botanical garden, and 
flower from May or June till late into autumn. The long violet 
hairs in every flower will at once strike the eye. For observation, 
select hairs out of a flower which is either just opening or has 
just opened. The preparation is made by seizing a tuft of hairs 
at the base with the forceps ; remove them and lay them in water. 
Or the whole filament can be placed under a cover glass if the 
anther is previously removed. In this last case the masses of 
air clinging amongst the hairs will give trouble, and it takes some 
pains to remove them. This is best effected by means of a fine 
camel-hair brush, with which the hairs are brushed over from 
below upwards, the tuft being at the same time held firmly at 
the base. After this the cover glass is laid on. Most of the 
hairs will not have suffered, provided the air has been removed 
with sufficient carefulness. 

The hairs in question p.re formed of numerous cells, swollen into 
a barrel form, and arranged into an unbranched row. At the 
points of constriction lie the partition walls which separate the 
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individnal cells from one another. Eact cell (Fig. 15) shows a 
thin continnous lining layer [" peripheral layer "] of protoplasm, 
and is traversed in the interior hy numerous thinner and thicker 
protoplasmic strands. Suspended within these strands is to be 
found the niLCleiis, surrounded by an enveloping layer of proto- 
plasm. (Shown somewhat below the middle in the figure.) The 
cell cavity in which the nucleus is suspended, and which is 
traversed by the protoplasmic strands, is filled by a violet-coloured 
cell sap. [It is the vaCTiole.] The protoplasm consists in a 
colourless, viscous, semi-fluid substance, which is 
distinguished by the name of Hyaloplasm [i.e., 
clear plasma], and which contains numerous minute 
granules, called by the name of Microsomata, or 
Microsomes. Besides these there can also be seen 
in the protoplasm, in greater or less number, 
somewhat larger, highly refractive bodies, which 
appear somewhat bluish in colour, and which will 
be designated by the terms Starch-formers, Starch- 
builders, or Leucoplasts. If we focus the object- 
glass from the peripheral protoplasm inwards, it 
will be seen that this is not in movement as a 
whole, but that rather the fine, net-like, anasto- 
mosing, protoplasmic strands flow into and away 
from it. In the protoplasmic threads which sur- 
round the nucleus the movement is especially 
strong. These streams are of various thickness, 
they anastomose laterally with one another more 
or less frequently, and the nucleus manifestly 
furnishes a central point for them. Most of the 
threads end in the plasma layer surrounding the 
nucleus. The current in a single strand moves often only in one 
direction ; often, however, it can be seen that even in very thin 
strands or threads there are two currents in opposite directions. 
The movement is recognisable by the microsomes and leucoplasts 
borne in the clear basal hyaloplasm. With continued observa- 
tion it will be seen that the strands slowly change their thickness, 
arrangement, and other conformation. New branches of the 
system can be seen to arise, others can become constantly thinner 
in the middle, finally break through and withdraw into other 
strands. ThuiS by degrees the figure changes. The nucleus is 
almost globular, in many cases oval or somewhat flattened. With 
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Pie. 15.— A cell 
from the hair on 
the filament of 
Tradescantia vir- 
ginica (x 240). 
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the strongest magnification whicli is at our command it appears 
finely punctate, and in it can be readily distinguished some larger 
granules (Nucleoli). Often two nuclei lie close together in such 
a cell, because the original nucleus has divided. The nucleus is 
towed about hither knd thither by the plasma strands, and thus 
slowly changes its position in the cell. In order to prove this, 
take rapidly a sketch of the cell, and compare this with the 
arrangement of the nucleus 'and the currents after the lapse of 
some time. Such a sketch can only be accurately taken by means 
of a drawing prism, and it alone has definite value for later com- 
parison. We will, therefore, endeavour here to become acquainted 
with the use of the drawing prism. 

The camera lucida of Abbe recommended first of all in the 
Introduction, which is represented in ideal longitudinal section 



Fig. 16.— Camera 'luoida of Abbe, nat. size. Ideal longitndinal section. Theoonrseof 
the rays of light indicated by the dotted lines ; o, the position of the eye ; $, the direction of 
the surface for drawing npon ; ar, clamping screw. 

in Fig. 16, is, as shown in the figure, placed upon the eye-piece 
and fastened with the clamping screw shown at its side (sr). 
It is best to remove the eye-piece before screwing on the camera, 
as in the performance of this manipulation upon the microscope 
there is the danger that the tube may be pressed down, and the 
preparatioii crushed. When the eye-piece with the camiera is 
placed in the tube, then, in case we use the microscope with the left 
eye, the mirror of the camera should be placed in front ; but in case 
of use of the right eye, to the right hand, and inclined about 45°, 
in the manner shown in the figure. If now we look through the, 
camera in the direction of the eye-piece, we see once more the 
figure of the object in the field of view of the microscope. Now 
place in front of, or to the right side of, the microscope a 


THE DRAWINQ PRISM. 31 

horizontal drawing desk, this being thereabouts the height of the 
stage of the microscope. Lay a sheet of drawing-paper npon this 
desk, and rest the point of a lead pencil against it. If the point 
of the pencil is found under the mirror in the direction of 5, this 
must now be visible in the field of view of the microscope at the 
same time with the figure of the object. The point of the pencil 
is, however, made visible by double reflection, the first time in the 
large mirror, the second time in the silvered surface of a small 
prism in the point of sight of the eye-piece (compare the^figure) 
while the microscopic figure comes directly to the eye through a 
small opening in the silvering of this prism. If the surface of 
the drawing desk does not lie in the distinct visual distance of 
the observer, the point of the pencil will be seen indistinctly, and 
the drawing desk must be raised, or, though seldom, be made 
lower. We test the necessary height by means of books laid one 
upon the other. The microscopic figure is only well visible on 
the drawing surface when a ^definite relation of brightness exists 
between the two. Dimming of the drawing surface can be pro- 
duced by the aid of smoked glasses, which are made to turn on 
the camera. If the arrangement is perfect you can draw with the 
lead pencil the outline of the object as if drawing it in the field 
of view of the microscope. 

The second camera mentioned in the Introduction is seen in 
Fig. 2, set upon the microscope in the position for drawing. This 
camera has the advantage that it can always be kept on the 
instrument, and with some practice will perform yeoman's service. 
It consists of two prisms, inclined to one another, in a common 
setting. The rays coming from the pencil take, after double 
reflection inside the prisms, a course parallel to the axis of the 
microscope, and thus coincide with the rays coming direct from 
the object. The camera is placed in the inclination represented 
in the figure, and so placed that its anterior edge, visible through 
the opening in the setting, approximately bisects the " pupil " of 
the emerging rays of the microscope, i.e., the bright circular disk 
which we notice when we look perpendicularly into the eye-piece 
from [a short distance, such as I^ inch] above it. If, then, on 
moving the head to one side "we do not see the " pupil " notably 
displaced towards the edge of the prism, this latter stands also 
at the right height. We draw upon a sloping drawing desk, 
which is placed in front of the microscope. If, after some 
attempts, we have found the point of the lead pencil upon the 
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drawing paper, we can now follow with it the outlines of the 
object. If the object is not to be distorted in drawing, the draw- 
ing desk must have the correct inclination. In order to determine 
this, we use a method of procedure which quickly leads us to our 
end. We draw the circular outline of the field of view upon the 
paper with the aid of our camera, and obtain thus, if the inclina- 
tion of the drawing desk is correct, likewise a circle [^.e., the cross 
measurements of the figure from side to side and from top to 
bottom of the sloped surface will be like] ; if, on the other hand, 
we have an ellipse, the slope of the drawing desk is not correct, 
and must be varied until a circle is produced. Or, we set in 
position, and always with strong magnification, the stage micro- 
meter recommended in the Introduction, i.e., a millimeter divided 
into 100 parts, engraved upon an object slide. We now turn the 
stage micrometer around through 90°, so that the engraved lines 
shall run from side to side, and succeed one another fore and aft. 
In case the too small size of the stage does not permit such a 
position of the stage micrometer, we must change the position of 
the microscope 90°. The turning of the microscope naturally 
renders necessary a change of the direction of the mirror. If our 
instrument is provided with a "concentric rotating stage," or 
similar appliance, then it is only necessary to turn this ; such a 
stage is very useful for drawing, as it enables us to place the 
object in the desired position. If we have given the micrometer its 
proper position, we draw, with the help of the camera, its lines 
upon the paper on the drawing desk. The lines follow one 
another up the slope of the desk. We shall succeed, without 
much practice, in reproducing it exactly ; but, as the lines have a 
definite thickness, it is necessary that we should represent always 
a definite edge of the line. The inclination of the drawing desk 
is correct when the distance apart of the lines remains the same 
at all heights. If this distance increases upwards on the desk, 
the desk must be made steeper ; if it sinks, it must be placed in a 
, less-inclined position. As, for the rest, small mistakes are not 
excluded from our measuring scale, it is necessary to represent 
several parts of it in the same way. In this way we shall find 
that our desk should have a slope of about 25°. [Having once 
found the correct slope, it is well to have a desk made with its 
two supporting sides of the correct heights.] 

This figure, when we have obtained the correct inclination of 
the drawing desk, can be, at the same time, used in order to 
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calculate the magnification of the drawing [t.e., the magnifying 
power of the system, or combination of objective and eye-piece, in 
nse]. We know already that the lines which we have drawn 
are O'Ol millimeter (i.e., approximately ^tV^ inch) removed from 
one another. If we find that now they lie 2*4 mm. (i.e., nearly y\y 
inch), we know that the drawing is enlarged 240 times. This 
method is also the simplest and best for measuring the size of the 
microscopical object. If we have, that is, attained the necessary 
accuracy in drawing, in order to reproduce even slight variations 
in size with fidelity, and if we know the definite enlargement of 
the object which we have drawn at exactly the same distance, 
it needs only to divide the size of the drawing by the known 
enlargement to get the actual size of the object. If, e.g., one 
cell of the hair of Tradescaniia appears, with 240 times enlarge- 
ment of its figure, to be 9 mm. broad, this indicates an actual 
breadth of [^-f^ mm., i.e., of] 0*0375 mm. This method gives in 
the simplest way such a close result, that in our investigations 
we can limit ourselves to it. 

[Various other contrivances have been introduced for the purpose 
of aids to drawing. Some of these, like the WoUaston Camera 
Lucida, require the body of the instrument to be placed horizon- 
tally, and the instrument as a whole to be raised on a pedestal. 
This can of course only be used with instruments which admit 
of this position ; and for working purposes it is, besides, objection- 
able in several ways. A very cheap form for use thus is Dr. 
Beale's neutral-tint reflector, which fixes on the eyepiece, making 
with its glass an angle of 46°. The student, when he chooses 
a camera or drawing-prism, should always select one for use with 
the instrument in the vertical position ; and, as he may not im- 
probably obtain one from a maker who is not the maker of his 
instrument, he should always send the eyepiece of the latter, so 
that the fittings of the camera may be adjusted to the size of this. 
Zeiss's camera is adjusted for eyepieces of the continental size, 
a size much used by English makers for their smaller instruments. 
Of whatever camera is chosen the method of adjustment upon the 
eyepiece must be learned from the maker (though usually very 
easy to find out for one's self) ; the rules laid down above for learn- 
ing how to draw are equally applicable to all of them. Lastly, 
the quality of the drawing depends on two factors : 1st, the ac- 
curacy of the observer, and 2nd, the skill of the draughtsman.] 

Now turn once more to the cell of the Tradescaniia hair, and 
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endeavour with one or another drawing apparatus to make a figure 
of it. As in all drawing apparatus which are not strictly cameras, 
some manipulation for the regulation of the light is needed, so we 
must endeavour, either by shading the drawing surface, or by 
changing the position of the mirror, to obtain thereabouts similar 
brightness for the surface of the drawing and the field of the 
microscope. For drawing, it is best to use stiff, smooth drawing- 
cards * and black-lead pencils. In order that they shall not be 
effaced, finished drawings can be washed over with very dilute 
gum-water. 

Take in this way a sketch of the entire outline of the cell, of the 
protoplasmic streams and the nucleus, and compare it after some 
hours, to see whether the form and circumstances now correspond. 
As already indicated, we shall most probably find that the dis- 
tribution of the streams has altered, and that the nucleus has 
changed its position in the cell. 

In order to determine that in their streaming the cells are 
independent of one another, and that the cell-wall does not in- 
fluence the movement, allow a neutral but water-containing fluid 
to act upon the cell. Under the cover-glass add to the drop of 
water a little concentrated sugar solution, or, better still, glycerine. 
Before long the reagent begins to withdraw the water of the cell- 
sap, and there results a decided contraction of the protoplasmic 
sac [i.e., the lining layer] into the cell. This withdraws from 
particular places of the cell-wall. This contraction of the proto- 
plasmic body of the cell under the influence of dehydrating (i.e., 
water-extracting) media is distinguished by the name Plasmolysis. 
It can be then observed, that so long as the contraction does not 
become too strong, the streaming of the protoplasm still goes on, 
even in those parts where it has withdrawn from the cell- wall. 
Soon, indeed, all movement in the cell is arrested. Yet in most 
cases to set it going again it suffices to wash out the water- 
extracting reagent by means of water. To this end water should 
be run under one edge of the cover-glass, while the fluid under the 
cover-glass is sucked out from the other edge by blotting-paper. 
The protoplasmic sac then again tends to expand and reach the 
cell- wall. It not infrequently happens that during the contraction 
single pieces of the protoplasm separate themselves from the 
cell-body, and remain lying against the cell-wall as rounded 

* Such, of exoellent quality and surface, are Goodall's thin Bristol Boards. 

[Ed.] 
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balls. These balls can also be retaken into the expanding proto- 
plasmic sac. 

It is easy to determine that during the contraction of the 
contents, observed as above, the colour-material does not diffase 
through the living protoplasmic sac, and that the coloration of 
the cell-sap becomes pjx)portionally more intense. The appear- 
ances in dead cells are quite otherwise. For example, allow 
absolute alcohol to act upon the hairs. The protoplasm is imme- 
diately killed, and now the peculiar property of coagulated proto- 
plasmic masses, to accumulate colour materials, is set in action. 
The protoplasm withdraws from the cell-sap the violet colour, 
and this soon appears quite limpid, while the oell-plasm and the 
nucleus stain deep violet. The violet coloui* can now pass through 
the protoplasmic sac, and diffuse in the surrounding fluid. 

If Tradescantia should not be at the disposal of the observer, other 
hairs can be substituted for it. A very favourable object is pro- 
vided by the hairs which grow upon the youngest shoots of the 
genus Gucwrbita [gourd, pumpkin, vegetable marrow, cucumber, 
etc.]. The preparation* is made by removing these hairs at their 
base by a razor, and bringing them into a drop of water on a slide. 
The stronger hairs are multicellular at the base, and pass into 
a tapering cell-row ; others bear multicellular heads. The proto- 
plasmic network in the cells is finely developed ; it contains micro- 
somes, and, though but sparely, large, green-coloured CUorophyll- 
grai2LS. The nucleus is large, suspended by the threads ; it has a 
brightly shining nucleolus, and ia carried about hither and thither 
in the cell. 

A vary peculiar object is provided by the root-hairs of Hydro- 
charia morsus^rancB [the Frogbit]. For the investigation are 
selected fresh young roots with stiff hairs. The hairs are visible 
to the naked eye. Cut off an entire root-point, and quickly place 
it on the slide in a sufficient quantity of water. The cover-glass 
is laid on in the usual way, and the largest cover-glass at our 
disposal should always be chosen. In this way the preparation 
is made, although it is true that, owing to the not inconsiderable 
thickness of the object, all parts will not be accessible with 
stronger magnification, because the object-glass will come into 
contact beforehand with the oover-glass. These hair-cells are 
very long and tubular, and, like all root-hairs, unicellular. The 
protoplasm, which it richly contains, is in active movement, but 
there are here, not numerously divided thin streams, formed into 
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a network, but a single strong stream, moving ronncL in the 
protoplasm lining the wall. This kind of movement is called 
Botfttion, to distinguish it from the other kind, or Circulation. 
This stream, thus returning to the same place, presents the 
appearance of a broad, slightly spirally turned band, which, if 
projected upon a plane would form a very elongated figure 8. 
The movement must not, however, be represented as if the band, 
as a connected whole, were turned around inside the cell, for, 
in fact, the neighbouring parts during the movement are con- 
tinually changing their reciprocal position. The two streams 
going in opposite directions are, however, not in immediate juxta- 
position, but are separated by a narrow band of protoplasm which 
is at rest. This " neutral band " is reduced to a very thin layer 
of protoplasm. 

The leaves of ValUsneria spiralis furnish very instructive pre- 
parations for illustrating rotation of protoplasm. This plant is 
cultivated in all botanical gardens, and very commonly also in 
aquaria in rooms in houses. For investigation a strong leaf is 
selected, and a section taken from the lower .part of it. For this 
purpose it answers best to lay the long, narrow leaf across the 
index fiinger, and to hold it down on both sides with the thumb 
and middle finger. The surface section is taken by moving the 
razor parallel to the long axis of the leaf. The aim should be to 
obtain a plate or " lamella " of tissue about half the thickness of 
the leaf [but if the section should at first sight appear too thick, 
parts of it which are sufficiently thin for the purpose will probably 
be found] . This lamella is laid on a slide, epidermis downwards, 
in a drop of water. Air clinging to it may make some parts of 
the section useless, but others will always be found which admit 
of undisturbed observation. The streaming always goes on for 
some time before it is discontinued ; it can be best followed in the 
wide elongated cells which form the interior of the leaf.' At low 
room temperatures the movement is sluggish, but it can be 
hastened by flight warming of the microscope slide. The stream 
circles around the entire cell, without, in most cases, to any extent 
deviating from its direction parallel to the long axis. The 
"neutral band" is pretty . broad. The stream carries with it 
green-coloured chlorophyll grains and the nucleus. The latter is 
flattened into the form of a disk. From time to time it comes into 
sight, but as a rule it is concealed by chlorophyll-grains. Not 
infrequently it sticks at a turning point, then the accompanying 
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chloropliyll-grains also halt with it, till, an instant later, all again 
are drawn into the stream. The direction of the streaming 
changes from cell to cell without any regularity. If glycerine or 
sugar solution is permitted to act upon the section, the proto- 
plasmic sac can be seen to withdraw from the cell-wall, and the 
continuance of the streaming at the first moment of contraction 
can be readily made out. 

The strongest protoplasmic currents known in vegetable cells 
are met with in the Cha/rdcece (Stoneworts). We must, how- 
ever, take the genus NiteHa^ for the genus Cha/ra has completely 
invested, and therefore opaque, intemodes, while the intemodes are 
specially suited for the investigation. For observation we select the 
younger members of the plant, and can state immediately that 
the rotating layer of protoplasm possesses a very distinct thickness. 
The outer layer of protoplasm [immediately lining the cell- wall], 
in which the chlorophyll-grains lie, is motionless. The motion- 
less layer is here, therefore, comparatively thick, while it is in 
general so thin as to escape observation. For in all earlier investi- 
gated objects also an outeirmost denser layer of protoplasm, the 
so-called primordial utricle (or Ectoplasm) takes no part in the 
movement. An obliquely mounting stripe or band on the wall of 
Nitella is free from chlorophyll grains ; it attracts the eye by its 
lighter coloration. This band, wanting in chlorophyll, marks the 
neutral band in the protoplasmic stream. It repeats here the 
like appearance with the root hairs of Hydrochwns, where we found 
the neutral band of the protoplasmic layer likewise extremely 
reduced. The intemodal cells of CharacecB are multinuclear, the 
protoplasmic current cariies with it numerous elongated nuclei, 
which it is true show up as brighter spots only in the most favour- 
able cases. [If the piece of the plant is laid for 12 to 24 hours in 
1% solution of chromic acid, they can often be very readily seen, and 
their peculiar rod-like, curved, and horse-shoe forms made out.] 
Not to be confused with these nuclei are the rounded balls which 
are seen carried around in the stream in larger or smaller number. 
These appear either smooth or with a spinous surface ; as to their 
significance there is uncertainty. 


NOTE TO CHAPTER IIL 

Tradeseantia virginica is a quite hardy perennial, and can be grown in any 
garden. It dies down in winter. Flowering period, Jane to Angnst. [Ed.] 
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CHAPTER lY. 
CHBOMATOPHOBES. COLOURED CELL-SAP. 

Material Wanted. 

^FunaHa h/grometrica, or Prothallia of a Fern. The former (moss) 
very commonly grows on ground which has been charred, or- 
limestone walls, etc. ; the latter, on pots and walls of f em-houses 
. -Flowers of the garden " Nasturtium '* (Tropceolum majus), 
•rFlowers of the Snapdragon (Antirrhinum majus), - 
Flowers of the Periwinkle {Vinca major or minor). 
Flowers of the Larkspur {Delphvnium consoUda). 
Flowers of Adonis flammula, 
Jloot of Carrot {Dauctis Oarota)» 

Autumnal leaves of Yirginian creeper (Am^elopsia hederaeea). 
Autumnal leaves of Ginkgo hiloha {Salisburia adiantifolia) ; or Maple. 
-Flowers of the Mullein {Verbascum nigrum), 
^Rhizome of Iris gei'manica, 

[All required fresh.] 

We have already had an opportunity in several objects of obtain- , 
ing an insight into the structure and enclosures of the chlorophyll- 
grains [or bodies] ; nevertheless, we -will give our attention some- 
what specially to these structures. We select for this purpose a 
very widely distributed moss, which is disting^shed by very fine, 
large, lenticular Chlorophyll-bodies^ and of which the leaves, 
unilamellar with the exception of the midrib, permit observation 
without further preparation. This moss is Funcuria hygrometrica. 
Numerous chlorophyll-bodies of considerable size are to be seen in 
every cell ; in plants which are exposed to diffused daylight they 
are contiguous only to the free cell- walls ; that is, to those which 
form the upper and under surface of the leaf.* From this they 
present their broad side to the observer. That they are narrower 
in profile we see in the separate grains which underlie the side 
walls. All stages of division of the chlorophyll-bodies are easy to 
find, and often associated in the same cell (Fig. 17). The resting 
grains appear quite circular; they then become elliptic, afterwards 
constricted in the middle so as to be shaped like a figure of eight, 

* [This is commonly known as the position of EpistropJie.'} 
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and finally completely divided across. The two yonng grains 
remain for some time still in contact. The starch- enclosures of 
the chlorophyll-bodies are, according to their 
varying sizes, in many leaves easy, in others dif- ttfl^ 

ficnlt to see. They are, however, always clearly a j^|. 

distingnishable when the chlorophyll-bodies get -g«^tf^^ 

ont of an opened cell into the surrounding water, ^'jA ^w 
and are there disorganized. To this end we cut ^F^A 

a leaf with a sharp pair of scissors into several „ ' .. ^, 

__ ^ ^ Fr«. 17.— Chloro- 

pieces. The starch-grains, liberated from the pbyii-bodiee ftom 
disorganized chlorophyll-bodies, augment in size, ^^^ ^^^triJ''''^ 
and are identified as such with iodine. On the ing and in division, 
other hand an entire uninjured chlorophyll-body 
is coloured brown with iodine, always as a result of the combined 
blue coloration of the starch-enclosures, the yellowish brown 
coloration of the protoplasmic ground-substance, and the green of 
the chlorophyll. In order to obtain favourable iodine coloration 
of the uninjured chlorophyll-bodies, we take for investigation leaves 
which have lain some time in alcohol, and are thereby decolorized. 
The chlorophyll -bodies now appear colourless; their starch-en- 
closures take on the coloration by gradual entrance of the iodine 
solution, earlier than the protoplasmic body. The iodine reaction 
is still more noticeable if the preparation is previously treated 
with potash, which causes the starch-grains to swell. ^ This 
last method also permits the smallest quantity of starch in the 
chlorophyll-bodies to be recognised. This succeeds so much the 
more surely with fresh grains if they are treated with a solution 
of five parts of chloral hydrate in two parts of water ^ to which 
a little iodine solution has been added on the object-slide. The 
chlorophyll is dissolved, so that in a few minutes the leaf appears 
colourless; simultaneously the chlorophyll-body swells, and also 
the starch-grains which it contains, and these last come out clearly 
with their blue colour. Leaves decolorized vith alcohol show also 
very beautifully, with the same treatment, the blue-stained starch- 
grains in the chlorophyll-bodies, while these last are not coloured. 
After the chlorophyll-bodies have been decolorized by alcohol they 
can be stained also very well with very dilute watery solution of 
Methyl violet or of Gentiana violet. The cell membranes also are 
always coloured hereby, but the chlorophyll-bodies are darker, and 
therefore stand out more sharply. 

With stronger magnification the living chlorophyll-bodies of the 
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leaf of Ftmaria appear to be finely punctate, and thns betray a 
network structure. 

The same results as with the leaves of Funaria are obtained with 
Fern prothalUa, so that the two objects can mutually replace one 
another. Prothallia are always readily to be found in plant houses 
in which ferns are cultiyated ; any species equally available for 
this investigation. 

In order to become acquainted with colour-bodies (Chromato- 
phores) of other coloration, let us turn next to TropoBolum majus 
[the so-called " Nasturtium " of gardens]. "We choose for investi- 
gation flowers only just opened, because the colour-bodies begin to 
be disorganized in older flowers. Let us first take surface sections 
from the upper side of the sepals. The preparation can also be 
taken with a fine pair of forceps, if these are stuck pretty deeply 
into the tissue, and a strip torn thei^from. The preparation is laid 
in a drop of water, with the epidermis turned upwards. Proceed at 
once to the investigation, because the injurious action of water on 
the colour-body makes itself felt immediately. The margin of the 
section will have suffered from the beginning; therefore, cells that 
are still unchanged should be selected for more searching ex- 
amination. The colour-bodies are yellow 
with a shade of orange. They appear 
spindle-like, three or four angled (Fig. 18), 
in forms which border on the crystalline. 
The unchanged bodies are homogeneous. 
Under the influence of water they swell, 
become rounded off, and vacuolate ; that is, 
hollows filled with water appear in their 
interior. The bodies overlie in especial 
number the inner wall of the epidermal 
cells of the upper side of the calyx. The 
brown streaks on the upper side of the 
sepals proceed, as suitable sections show, 
from epidermal lines, tl^e cells of which are 
filled with carmine-re|d cell-sap. These 
cells contain also yellow grains, which, 
however, the coloured cell-sap renders 
quite invisible. In the red cells the nu. 
cleus shows mostly as a clear spot. The 
petals show analogous relations; here the edges of the limb, as 
well as the cilia at the base of it, can be used for observation 



Tig. 18.— From the upper 
side of the calyx of Tropoo. 
lum majiif. The mner wall 
of an epidermal cell with 
the colonr-hodies (chroniato- 
pbores) adjacent to it (x 
640). 
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in their entire thickness. The air adhering to the limb hinders 
observation, but spots free from air will always be found, or can 
be made free by light pressure on the limb. The sepals, however^ 
always remain preferable for the observation of colour-bodies, 
since the papilles interrupt obseryatioh of the petals. It is 
evident that, with the exception of the brown stripes on the 
two lower petals, every epidermal cell of the upper and xinder side 
of it is prolonged in its centre into a blunt cone, the papilloe 
already alluded to. These papillae are more strongly developed 
on the upper than on the under side. They give to the petals a 
velvety appearance. The air is entangled very strongly between 
the papillee. The fiery-red spots at the base of the petals arise 
from rosy cell-sap and yellow granules. During the investigation 
it will have been noticed that the surface of the epidermal cells 
of the upper side is longitudinally striate. The striations do not 
turn at the boundaries of the individual cells, and are folds of 
the cuticle which covers the epidermis. With watery solution of 
iodine the colour-bodies can be fixed pretty well, and take on at 
the same time a green coloration ; they are very sharply defined. 
The nucleus is at the same time coloured yellowish-brown, its 
nucleolus becoming very visible. "With Metfiyl violet or with 
Gentiana violet the colour-bodies are coloured violet. 

The yellow colouring matter is almost always combined with a 
protoplasmic basis ; but isolated cases are present where it is met 
with dissolved in the cell-sap. Let us fix our attention more 
closely on such a case in Verbascum nigrum. We can examine the 
petals in water without further preparation; but here also we 
must remove the adhering air, even if only partially, either by 
pressure or under the air pump. The epidermal cells of both 
upper and under side have undulating (sinuous) outlines ; the 
yellow colour of their cell-sap is at once noticeable. The brown 
spots at the base of the petals arise from a cell- sap coloured from 
purplish to brown. In the epidermis of the staminal filaments, 
from which lamelleB can be easily cut with the razor, we see 
also a yellow sap ; but besides thia there is in each cell also a 
cinnabar-red irregular lump of colour-material, and a number of 
colourless leucoplasts filled with starch-grains. 

Similarly it can be at once determined that the yellow-coloured 
parts of the lower lips of the corolla of Antirrhmtim% majus (the 
Snapdragon) contain a sulphur-yellow sap in their cells ; the 
parts coloured red have a rosy cell-sap and here and there one, 
seldom more, carmine-red balls of colour- material. 
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In the epidermis of the corolla of Vinca major or V. minor (the 
Periwinkle) we find a blue cell-sap. The epidermal cells, especi- 
ally of the upper side, are swollen out into papilleB. Thd epidermis 
of either side can be readily torn off with the forceps. The side 
walls of the epidermal cells show ridges projecting into the cell 
cavity (Fig. 19), often swollen at their edges, so that they can 
even spread out into a T-form, and, on 
account of the stronger refraction of their 
outer surface and the weaker refraction 
in the interior, quite give the impression 
of folds. 

We see a red cell-sap in the petal of a 
rose. Here also the epidermis can be 
readily removed from either side. The 
upper side hailb pretty strongly developed 
Fig. 19.— An epidermal oeU papillae, and therefore appears so beauti- 

from the under side of the ^ „ - , „,, . . i -i , ^ 

petal of Vinca minor ( x 610). f 'lUj velvety. The cuticle shows strongly 
marked striation. 

In the blue sepals of Delphinium consolida (the Larkspur) we 
find the epidermis of both upper and under sides composed of cells 
with sinuous outlines. The epidermal cells of the upper side are 
elevated in their central part each to a papilla. The cuticular* 
striations mount on all sides of this papilla, so that by focussing 
the microscope at the mid-height of the papillaB, sun-like figures 
arise. The cells contain a blue cell-sap, somewhat shading into 
violet, besides also, in many cells, blue stars, which consist of 
short needles of crystallized colour-substance. The epidermis can 
be removed in small pieces; moreover, the sepal is sufficiently 
transparent, after removal of the air, to permit examination at the 
edges through its entire thickness. 

Examples of blue and red cell-sap can be easily multiplied. 
Such are almost always met with in blue and red flowers ; so 
much the more remarkable, therefore, is the contents of the bright 
red flowers of Adonis flcmmeua. In Adonis also the preparation 
can be removed with the forceps. In the epidermis we see beau- 
tiful red, from nearly round to elliptic, grains; these are com- 
paratively large, and attain the size of chlorophyll-bodies. They 
appear finely granular, and in water separate quickly into very 
small granules, which show molecular movements [" Brownian 
movement"]. The epidermal cells are elongated; their cuticle 
longitudinally striate; the striee are clearly continued over the 
limits of the cells. 
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The root of Baucus carota (the Carrot) famishes a very inter- 
esting object. The orange-red colonr of this root arises from 
carmine and orange-red colour-bodies, which possess throughout a 
crystalline form. The most common shapes are found collected 
in Fig. 20. They are small rectangular plates or rhombs, the 
rhombs often acicularly elongated, and 
prisms of different lengths, often broadened 
out at one end to the shape of a fan. Such 
crystalline formations have often small uni- 
laterally projecting starch-grains attached 
to them. In origin, therefore, these crys- 
talline structures also are starch-builders, 
and must be placed in the same category 
with chlorophyll and other colour-bodies 
The colour-material which crystallizes out 
is here, however, what decides the shape. 
Only a small quantity of protoplasm ad- 
heres to the crystal, and from this, there- 
fore, the starch-grains also arise. 

If we examine also one of the variegated 
forms of our shrubs or trees, or else an 
herbaceous plant with leaves coloured reddish-brown, we see that 
the cells of the epidermis contain a rosy cell-sap, and that there- 
fore the joint action of the red of the surface and the green of the 
interior gives the reddish-brown compound colour. ^ 

As to the autumnal coloration of the Virginian creeper, Ampe- 
lopsis hed&rctcea, we can decide that the rose-coloured cell- sap 
arises in the cells of the [internal] tissue, and not of the epidermis. 
The distinctive yellow autumn coloration of leaves depends on 
the yellow coloration of the disorganized chlorophyll-bodies, as is 
shown in the most beautiful way in the leaves of Qingko hiloha 
[Salishuria adiantifolia]^ or, failing this, those of the various 
species of Maple. The autumnal brown coloration of leaves arises 
from a corresponding coloration of the cell- walls, chiefly, however, 
of the cell-contents, as is easy to determine in the case of the 
Oak. 

The starch-grains are found in specially individualized proto- 
plasmic structures. "We have already learned to know the chloro- 
phyll-bodies as such, also the colour-bodies in which starch-grains 
are often present ; and lastly, we have already made reference to 
the colourless starch-builders. Upon these last devolves the 


Fie. 20. — Colonr.bodieB 
from the root of the Cairrot. 
Partly with starob- grains 
(x640). 
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formation of starch in the deeper layers of the body of the plant. 
We can comprise all three stmctnres nnder the name of Chroma- 
topbores, and, further, distinguish the chlorophyll-bodies, colour- 
bodies, and colourless starch-builders as Ghloroplasts, Chrome- 
plastSy and Leucoplasts respectively. These structures are nearly 
related, and can pass over into one another. They all belong to 
the protoplasm of the cell, and lie embedded therein. On the 
other hand the blue stars, which we found in the cell-sap of 
Delphiniv/m consolida^ do not belong to this ; they only represent 
colour-material crystallized out from the cell-sap, and are, like 
the lumps of colour-material which we found in the red cell-sap 
of Verhascwtn nigrum^ not to be reckoned amongst the chromato- 
phores. 

The largest and most beautiful starch-grains are produced by 
leucoplasts ; but such leucoplasts are not exactly easy to see. A 
comparatively favourable object, and one not difficult to obtain, 
is furnished in the rhizome of Iris germanica. Surface sections of 
this are made parallel with the surface of the rhizome. The outer- 
most layer of tissue is removed, and to this 
succeed the starch layers. The observation 
V ^ is best made in water. In uninjured cells 

€9^ ^ ^^ the leucoplasts appear as collections of pro- 
^flp ^^^ toplasm at the hinder end of the starch- 
^^ ^^ grain (Fig. 21). These latter increase only 

^^^ at this end-, and have a proportionally eo- 

Fis. 21.— Starch-build- j. • i . mi i i . 

ers with Btaroh grainB ceutnc structure. The leucoplasts appear 
from the rhiaome of iri» granular to the eye of the observer, and 

g«rmontca(x640). . 

separate at length into smaller grains, which 
show molecular movement [Brownian movement]. Two starch- 
grains on one leucoplast is a not infrequent appearance. After 
further development such grains presently come into mutual con- 
tact, and receive thenceforth layers which are common to the two. 
These and similar phenomena lead, here and in other cases, to the 
formation of compound starch-grains. 


NOTES TO CHAPTER IV. 
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CHAPTER V. 

TISSUES ; TmOKENING OF THE WALLS ; EBACTlON FOB SUGAB ; 
INULINE, NITRATES, TANNIN, UGNIN. 

Mateeial Wanted. 

White Beetroot {Beta vulgaris). Fresh. 

A ripening Pear. Fresh. 

Tuber of Dahlia (D. vat^iahilis). Fresh. 

Tuber of Dahlia placed in meth. spirit, in or about October. 

Oak-apples or Oak-galls. Fresh and dried. 

Twig of Willow (e.g., Salix caprea). Fresh. 

Stems of Periwinkle {Vh^^a major). Fresh, cut off close above the 
ground. 

Seeds of Ornithogalum sp, such as 0. umhellatum, the Star of Beth- 
lehem. 

Seeds (stones) of Date (Phoenix dactylifera). 

Old Pine wood of any kind, preferably the Scotch Fir [Pinua sylves- 
tris). Dry, or, better, in alcohol. 

We commence with the white Beetroot (Beta vulgaris). A small 
piece of tissue is taken from the fleshy root, and from this is 
made a microscopical, preparation. We choose as best for ex- 
amination a radial longitudinal section, i.e., therefore, a section 
which is taken parallel to the long axis, in the direction of the 
radius. This section cuts at right angles the concentric rings of 
the root, visible to the naked eye. Examined in water, this 
section shows us more or less rectangular cells, filled with a 
watery, colourless fluid. On the walls of these cells we notice 
also, here and there, larger and smaller, brighter, round or oval 
spots, which indicate shallow pits [i.e., local thin places, or 
hollows, in the wall]. In individual cells the nucleus is visible. 
The intercellular spaces are usually filled with air, appearing 
black. In isolated parts of the preparation, the parenchymatous 
cells are narrower, elongated parallel to the long axis of the 
root ; between them are visible long tubes usually filled with air. 
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whicli are distingnished by a characteristic thickening of their 
walls. These tabes are vessels. The thickening of their walls 
is a network of pits [reticulated] ; that is, the wall shows thicken- 
ng bands combined into the form of a net, between which lie 
nnthickened places. These nnthickened places or pits are 
elongated across the longitudinal direction of the vessels. Where 
the section has opened a vessel, there can be seen in it, from 
time to time, annular (ring-like) thickenings, which project into 
the interior of the cells. These are the diaphragm-like remains 
of originally complete partition walls, and from these remains it 
will be seen that the vessel has proceeded from a row of cells. 
The air present in the vessels often disturbs the examination ; it 
can be got out with the air-pump. When an air-pump is not 
at our disposal, we can endeavour to remove the air by laying 
the preparation in freshly boiled water. It is more quickly 
attained by a short immersion of the preparation in alcohol. It 
is true that "by this the contents of the cells are killed; for the 
foregoing observation, however, this is not of consequence. 

Here and there also in the preparation we come across particu- 
lar cells, which are closely filled with small clinorhombic crystals, 
and appear almost black. These crystals consist of oxalate of 
lime. In order to prove this, we allow acetic acid to act upon 
them, and determine that they are insoluble in it. Into another 
preparation we run sulphuric acid, and the crystals are quickly 
dissolved. The quantity of sulphate of lime formed is so small 
that it remains dissolved in the surrounding fluid. 

The structural relations of the cells in the Beetroot show up 
still more beautifully and distinctly if the section is treated 
with a watery solution of aniline green or of acetic aniline 
green. In both cases the cell- walls are beautifully stained green; 
in the latter case the nucleus also is *' fixed " and quickly stained. 
The walls of the parenchymatous cells, and of the vessels, are 
alike stained bluish-green. The surface of the pits in the walls 
of the parenchymatous cells, on the other hand, is not stained, 
and these therefore now show up more cliearly ; they are places, in 
the otherwise not greatly thickened cell-walls, which have remained 
thin. Each parenchyma-cell contains nudeiu, provided with a 
distinct nucleolus, and surrounded by minute leucoplasts, and a 
thin lining ["peripheral"] layer of protoplasm. The vessels con- 
tain neither nuclei nor plasmic contents. If chlorzinc iodine is 
added to a section lying in water, a characteristic violet cellulose- 
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reaction is soon set up. The coloration begins at the edges of 
the section, but is often not complete for hours. The walls of 
the vessels do not stain violet, but brownish-yellow ; they behave 
like lignified membranes. On the walls of the cells, the surfaces 
of the pits once more remain unstained, and stand out specially 
distinctly. These pit-surfaces are always rounded, of variable 
size, and irregularly distributed, singly or in groups. Large pit- 
surfaces are traversed by violet strisB of various breadth ; they are 
formed into compartments by them, and give the impression of an 
irregular lattice. Bright granules, coloured yellow-brown by the 
chlorzinc iodine, adhere in larger or smaller quantity to the pit- 
surfaces. For the purpose of comparison we proceed now to the 
cellulose reaction with iodine and sulphuric acid. The section 
is first impregnated with iodine solution, best with potassium- 
iodide iodine solution, and afterwards transferred to diluted 
sulphuric acid (English), in the proportions of 2 volumes acid 
to 1 volume water. It commences at once, from the edges 
onwards, to indicate the action; the section assumes a beautiful 
blue colour. The 
lesser pits here 
also remain un- 
coloured ; the 
larger ones ap- 
pear latticed with 
blue. 

We further 
prepare a section 
from a ripening 
Pear. Constitut- 
ing the pulpy 
flesh of the fruit 
appears here >also 
a regular * tmU- 
walled parenchy- 
ma of large cells, 
more or less 
rounded at the 
angles. These cells contain colourless cell-sap, a very reduced 
plasma-sac, and a nucleus. Scattered in the tissue are found nests 
of strongly- thickened cells (Fig. 22). The number of the stone cells 
so united is varied from part to part, and accordisg to the kind of 



Fie. 22.^From the flesh of the fruit of the Pear. Strongly- 
thickened cells with branched pore-canals, Burronnded by thin- 
walled parencbyzna ( x 240). 
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pear. They form the so-called "grit" of the pear. The cells are 
distinguished by the considerable thickness of their walls, and by 
the numerous, fine, branched pore-caaals [canalicnli] . The branch- 
ing arises from the diminution of the number of the pore-canals 
proportionally as the cavity of the cell becomes smaller [by the 
great increase in thickness of the walls], so that they open into 
the cell-cavity as common canals. Where two thickened cells are 
in contact, it can be determined that the pore-canals correspond 
in position with one another. In their perfected condition, in 
which they here appear to us, these cells no longer contain living 
cell-contents, but only a watery fluid. They represent, therefore, 
only dead cell-cases. After treatment with chlorzinc iodine, the 
thin parenchyma-cells take on gradually a violet coloration, the 
strongly thickened cells become yellow-brown. These latter are 
therefore lignified and belong, on account of their strong thicken- 
ing and lignification, to the sclerencliyma [or mechanical tissue]. 
The structural relations of the thickened cells become especially 
clear under treatment with chlorzinc iodine. 

We will use the flesh of the pear in order to learn to know the 
micro-chemical reactions for sngar.^ That most commonly used is 
with Fehling's solution. This is prepared with sulphate of copper 
and potassio-sodic tartrate in water. The proportions are 34*64 
gram, pure sulphate of copper with 200 gram, potassio-sodic 
tartrate dissolved in water. This solution can be preserved. In 
order to use it we add 600 com. soda ley of specific gravity 1*12, 
and dihite it to 1,000 ccm: This solution is heated to boiling. 
The section in which the reaction is to be produced should not 
be too thin, should contain at least two layers of uninjured cells, 
and naturally should not have previously been laid in water. 
Immerse the section, holding it with the forceps, in the boiling 
solution, and the section is coloured a beautiful vermilion-red. 
The reaction comes out in full beauty after two seconds. Under 
the microscope we can see in the cells the vermilion-red precipi- 
tate of reduced protoxide of copper. There is therefore present 
in the cells of the pear a substance • which reduces the alkaline 
copper-oxide solution, a body from the grape-sugar group (Olucose), 
in this special case grape-sugar. 

For comparison we repeat the experiment with a section of 
Beetroot. This contains, as is known, a body from the cane-sugar 
group, viz., cane-sugar. Immersed for two seconds in the boiling • 
fluid, it shows no precipitate in the cells ; the section, examined 
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microscopically, has a blue coloration. If the section is kept for 
a longer time in the Fehling's solution, it begins to colour ver- 
milion-red on the surfaces also. The cane-sugar is inverted, and 
now gives the protoxide precipitate. Under the microscope the 
outer layers of cells show now vermilion-red grains, while, in 
case the action has not been too long continued, the inner cells 
still contain a blue fluid. 

Very much i-ecommended also for microscopical purposes is 
Barfoed's sugar reaction ^ with acidulated acetate of copper. This 
solution is prepared by dissolving 1 part of neutral crystallized ace- 
tate of copper in 15 parts of water. To 200 ccm. of this solution 
is added 5 ccm. of an acetic acid which contains 38 per cent, of 
glacial acetic acid. In a test-tube which holds from 5 to 8 ccm. 
of this solution we allow a section, not too thin, of the Pear, and 
in another similar test-tube a section of the Beetroot to boil for a 
short time. The fluid in question, together with its section, is then 
poured out into a small evaporating dish, and allowed to stand. 
After some hours we find the section of the Pear covered with a 
fine precipitate of protoxide of copper, and likewise a little of the 
same precipitate in the evaporating dish, while the section of the 
Beetroot, as can readily be seen under the microscope, is free from 
the adhering precipitate, and this is wanting also in the evapo- 
rating dish. The result of the reaction should be observed after 
some hours, as after a longer time a very small precipitate 
re- oxidizes in the air, and can then dissolve. 

We will lastly again use the Beetroot, in order to learn to know 
the micro-chemical reactions for nitrates and nitrites by means 
of diphenylamine.^ This reagent, used by the chemist for the 
detection of very small quantities of nitrates and nitrites, performs, 
moreover, first-rate service for histological purposes. We prepare 
cross or longitudinal sections through the Beetroot, taking care, 
however, that the sections extend to the surface. These sections 
we allow carefully to previously become somewhat dry on the 
object-slide, and then first add the reagent. We use 0*05 gram 
diphenylamine in 10 ccm. pure sulphuric acid. Immediately after 
the addition of this, a deep blue coloration, formation of aniline- 
blue, shows in the outermost zone of the section. This zone 
contains the youngest tissue of the root, still in course of develop- 
ment ; it is this, therefore, which contains the nitrate. From the 
parts coloured blue the colour quickly flows over the rest of the 
preparation ; but in the first moment of the reaction the coloured 
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zone is quite sharply delimited. As, however, in plants, as analyses 
of sap show, the question is commonly of a nitrate, seldom of a 
nitrite, we can, therefore, from the resulting reaction, conclude 
with greater probability that it is a nitrate. If, instead of the 
somewhat dried section, a fresh one is used for the reaction, the 
colour-body which is formed is diffused far more rapidly in the 
surrounding tissue, and the coloured zone is less sharply delimited. 
As the next object of investigation we choose the tubers of the 
Dahlia (D. variabilis). The tuber, halved longitudinally, allows 
one readily to recognise the central pith. A longitudinal section 
prepared from this shows under the microscope more or less rec- 
tangular cells, arranged in longitudinal rows (Fig. 23), with very 

reduced protoplasmic sac, 
with nacleus, and colour- 
less cell-sap. The inter- 
cellular spaces are filled 
with air ; the cell- walls 
. finely striate. The strisB 
are oblique, to the extent 
of from 35° to 40°. We be- 
lieve that we can see two 
diagonally opposed systems 
of strisB in the same plane ; 
this is explained . by the 
comparatively small thick- 
ness of the walls. In fact, 
the two opposing systems 
of strisB belong to the walls 
of two contiguous cells re- 
spectively, as can be determined especially at the free edges of 
the section. With chlorzinc iodine the cell walls soon colour 
violet ; where, however, two strise come less closely together, a 
colourless line can be seen between them. The parts of the wall 
which remain unthickened are, just like pit-surfaces, not coloured 
by the chlorzinc iodine solution. Especially clearly show up in- 
dividual comparatively larger rhombic places as pits. Such pits 
lie always in the line of separation of two strisB, and at the place 
of crossing of a line of separation of the system of strisB running 
in the opposite direction. 

If the section is laid in absolute alcohol there arises in the cell- 
sap a fine precipitate of Inuline. Replace the alcohol by water 



Pie. 23.— From the pith of PaWia varidhHia 
(X 210). 
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and warm the object-slide over a spirit flame, and the precipitate 
is again dissolved. In order to study the innline in the shape of 
sphsero-crystalB, which it f orms,^ we examine best pieces of tnbers 
which have been placed in spirit at least eight days before. We 
examine the section best in water, and during the examination 
allow nitric acid very slowly to enter. The sphaero-crystals (Fig. 
24) are found always on the cell-walls. They form more or less 
perfect balls. The ball can be traversed by one or by several 
cell- walls. Usually several variously sized balls form together a 
larger group. The balls allow more or less clearly a radial 
structure to be recognised ; this 
structure comes out more sharply 
when the nitric acid begins to 
work ; it arises from radially ar- 
ranged needle-shaped (acicnlar) 
crystals, which compose the 
ball. Besides the radial, a con- 
centric stratification is also 
usually visible, which is to be 
conceived as the expression of 
variations in the conditions of 
crystallization. Iodine solution 
produces no coloration. If the 
sphaaro-crystals are warmed in 
a drop of, water on the object- 
slide they quickly vanish. 

In order to demonstrate the 
taniiiiL-reaction upon a typical 
object, we turn to the gall-apple 
or oak-gall, as it is to be found 
upon the leaves of our oaks. 
These gall-apples are due to the 



Fie. 24.— From the tuber of Dahlia varia- - 
btlia, after lyinf? in spirits fox^ maiiy months. 
Sphaero-orystals on the walls ( x 240). 


puncture of the oak-gall insect [Cynips qtierd'], which lays an egg 
in the punctured tissue. We halve such a gall-apple while still 
young, and find on delicate radial sections taken from this that 
the interior hollow, occupied by the larva of the cynips, is sur- 
rounded by a shell, which consists of iso-diametric, rounded cells. 
These. Qontain usually abundant starch-grains, becoming blue with 
iodine. The tissue following on to this inner portion is formed of 
radially elongated, polygonal cells, which diminish in length at 
the periphery of the gall-apple, and finally end under the small- 
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celled ontermost layer, the epidermis, the cells of which are 
strongly thickened outwardly. This entire tissue, surrounding 
the inner shell, shows no enclosures of definite form. K, however, 
we lay a freshly-prepared section in a drop of watery chloride or 
sulphate of iron solution, we see that it colours throughout its 
entire mass of a dark-blue colour. This coloration is, moreover, 
communicated to the surrounding fluid, and produces for us, there- 
fore, the iron reaction for tannin, in its iron-bllie form, while there 
is also an iron-green form. If the action is observed under the 
microscope, by allowing iron-solution to run into a dry section 
laid under a cover-glass, we see that first a fine dark-blue precipi- 
tate is formed, which, however, is soon again dissolved in the 
reagent, so that now a blue fluid fills the cells. The weakest 
tannin reaction is given by the starch-containing cells of the inner 
shell. For comparison, let us now lay a second section in a 
watery solution, about 10%, of bichromate of potash, and we see a 
dense flocculent, red-brown precipitate, which also persists, formed 
in the tannin-containing cells. Lastly, let us place a section in a 
concentrated solution of molybdate of ammonia, in concentrated 
ammonium chloride, and an abundant reddish-brown precipitate 
appears in the cells. This reaction will decide in doubtful cases, 
because those preceding can also proceed from other reducing 
bodies. The fibro-vasal bundles which traverse the oak-apple we 
will leave unnoticed, and also pass over other structural relations, 
because we have only taken this object in order to see a typical 
tannin reaction. Sections of dried gall-apples also give the above 
reactions, though less beautifully. 

In order to get the iron-green tannin reaction, we take a willow 
twig, say from Salix caprea, remove with the razor the outer green 
layer of bark, and then take a delicate tangential section from the 
green tissue of the cortex ; lay it in a drop of chloride of iron solu- 
tion. The section shows us mostly rectangular cells, somewhat elon- 
gated in cross direction, with walls pretty strongly thickened, and 
with simple pits. These cells contain chlorophyll-grains, and most 
of them, especially in winter, have each a white strongly refrac- 
tive rounded mass of cell contents, sharply defined, and filling the 
entire cell cavity. Other isolated cells contain a dark-looking 
stellate crystal of calcium oxalate, of which we shall, howcT^j^have 
an opportunity later of making a closer examination. The strongly 
refractive masses of cell- contents contain tannin. As soon as 
the action of the iron chloride on the strongly refractive masses of 
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cell-con tents has commenced, these become gmmons, and take on 
an olive-green to brown-green colonr. In iron snlphate these 
masses become still browner ; in potassinm bichromate they give 
a reddish-brown precipitate; in ammoninm molybdate dissolved 
in strong ammon. chloride, a yellow-brown gmmous precipitate. 
With twigs of the alder (Alnus) the same results are produced. 

If a strong stem of Vinca major [the Periwinkle], cut off close 
above the ground, is broken, we see from the edge of the broken 
surface numerous small fibres project. We seize a number of such 
fibres with the forceps, draw them out, and place them in a drop 
of water on an object-slide. Under the microscope they appear 
to us as long, strongly-thickened sclerenchjrnia-fibres, tapering at 
both ends. The cavity is reduced to a narrow canal, which is en- 
tirely obliterated at both ends of the fibre. In slightly-thickened 
fibres the wall appears striate in one direction only. In more 
strongly-thickened fibres there are two oppositely oblique systems 
of striee, of which one belongs to the outer, the other to the inner 
system of wall-layers [complex of lamelleB]. Lastly, in still older 
sclerenchyma-fibres is often found still a third internal system of 
strifiB, directed almost perpendicularly to the long axis. This last 
arises from reticulated thickening bands, which leave between 
them elongated pits. This innermost system of thickening is 
usually sharply limited towards the exterior ones. With chlor- 
zinc iodine solution the fibres take on immediately a violet colora- 
tion, passing into brown. Specially instructive, however, is the 
relation with cuproxide ammonia, which reagent has the power of 
dissolving pure cellulose. The action must be observed directly. 
On the addition of the cuproxide ammonia solution the walls o| 
the fibres swell strongly. At the first moment of the action the 
striation becomes more distinct, but quickly disappears. The 
outer complexes of layers are soon completely dissolved, while the 
inner reticulated one resists longer, and therefore the observer 
sees it completely isolated. At the beginning of the swelling a 
still finer stratification appears in the stratification which was 
previously visible. Each layer is therefore composed of numerous 
exceedingly thin lamell». Such a fine stratification is stamped 
especially distinctly upon the inner more resistent layer. 

We now divide in halves, with the pocket-knife, the seed of 
Omithogaltim, say 0. umhellatum [the Star of Bethlehem], clamp 
the half in the hand- vice, damp the cut surface with water, and 
make with the razor the thinnest possible preparation. This 


54 


PITS. 



preparation (Fig. 25) presents ns cells with approximately rectan- 
gular contonr. The . walls of these cells are strongly thickened, 
the thickening layer being, however, pierced by numerous simple 

pits. If the section has so grazed a 
cell-wall that it presents a surface 
riew, the pits appear as round pores 
(m), as can be seen in the upper cell 
of the adjoining figure. From the 
side the pits appear as canals, which 
pass out of the cell-carity up to the 
primary cell-wall. The pits of ad- 
joining cells are directed towards one 
another; they are separated by the 
primary wall (p), which we shall here 
designate the closiag membrane. The 
inner surface of the thickening layer 
is distinguished by stronger refrac- 
tiveness ; it forms the limitmg mem- 
brane. If sulphuric acid is allowed 
to act slowly on the preparation, 
from the edge of the cover-glass, the 
thickening layers of the cells are dis- 
solved, while a network of very delicate walls is at first left behind. 
The walls are the so-called middle lamellSB, which indicate the 
walls of the cells which were present before the thickening began, 
and which also traverse the closing membrane of the pits. By 
continuous action of the sulphuric acid, these middle lamellse also 
soon disappear. Chlorzinc iodine causes the thickening layers to 
swell and the middle lamellas become likewise visible. In con- 
sequence of the swelling, the coloration of the preparation is 
incomplete. 

The cells are closely filled with protoplasm and granular 
materials. These entire contents take on with iodine a greenish- 
brown coloration. In each cell the nucleus is readily distinguish- 
able with acetic aniline green ; this is, in general, wanting in no 
cell, living or capable of life. 

The thickening layers of the cells in the endosperm of the Date 
(Phosnix dactylifera) have a very similar appearance. The cells, 
however, are more elongated, their cavity narrower, the walls 
somewhat thicker. In the seed [" stone "] of the Date these cells 
are radially arranged. Cross and longitudinal sections of it, 


Fie. 25.— From the endosperm of 
Omithogalum umhellatum. m, pits 
seen from above ; p, closing mem- 
brane [in pits seen in profile]; n, 
naclens ( x 240). 
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therefore, provided thej correspond with the radii, show the cells 
in longitudinal view, while tangential sections, which cnt the 
radii at right angles, show cross-sections of the cells. Chlorzinc 
iodine solntion colours the thickening layers very beautifnlly 
violet. By slower swelling usually numerous lamellae are brought 
into sight. 

We turn now to the pine wood [Pintw, etc., any species, prefer- 
ably P. sylvestris, the Scotch fir], in order to learn to know bordered 
pits. For this purpose we take a piece of wood, either dry, or, 
better still, preserved in alcohol, from a stem as old as possible. 
First we prepare with a sharp pocket-knife the suitable surfaces 
for cutting — one radial, parallel to the long axis of the stem, 
one tangential to the same, and one directed perpendicularly to 
this axis. The concentric yearly rings which are visible with 
the naked eye upon every piece of pine wood will provide us with 
the necessary bases from which to get information as to the direc- 
tions in question. The radial longitudinal section cuts the yearly ' 
rings perpendicularly. The tangential longtitudinal section is so 
much the more perfect, the more parallel it runs to the yearly 
rings. The cross-section is directed perpendicularly to both longi- 
tudinal sections. In the following preparation of microscopical 
sections, in order that the sections shall be good, and not to damage 
the razor, quite special precautionary rules must be adopted. If 
the razor is hollow-ground, rightly directed sections can be taken 
only from the edges of the piece of wood, i.e., so long as the back 
of the razor does not yet rest upon the cut surface. However, in 
general, only slightly hollowed razors should be used for cutting 
wood, as those greatly hollowed easily " give." It is recommended 
to use razors which are ground flat on one side, i.e., the side which 
will rest upon the cut surface ; but these razors have the disad- 
vantage that they are not easily sharpened. The cut surface must 
always be moistened ; the sections must be as thin as possible. It 
is not necessary to have them of any particular size. A section 
which appears to be too thick should not be cut to the end ; it is 
better to withdraw the razor from the cut in order not to notch the 
edge. The razor must be sharp, otherwise it will tear the cell 
walls, and separate the inner thickening layers from the outer. 
The wood preserved in alcohol cuts more easily than when dry, 
especially when the former has been laid subsequently in a mixture 
of equal parts glycerine and alcohol. The surface of the cut 
surface prepared by the pocket-knife, as it contains the torn cell- 
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walls, must be removed with the razor. The succeeding sections 
can be used.* 

A radial longitudinal section, correctlj taken through the wood 
of the Pine, appears, with weak magnification, to be constructed 
of longitudinally elongated cells, which overlap one another with 
their tapering ends. "Running across these cells we see the cell- 
rows of the medullary rays, with which we shall not at present 
concern ourselves. We focus now with stronger magnification 
upon a part in which we see only the walls of the longitu- 
dinally elongated wood-cells [fibres], and always the broader of 
them, and direct our whole attention to the bordered pits of 
these walls. The bordered pit appears to us in the form of two 
^ concentric circles 

4 , , ,'/ C ^ (Fig. 26, A), The 

inner small circle, 
or, it may be, the 
inner ellipse, indi- 
cates the opening 
of the pit into 
the cavity of the 
cell; the larger outer 
circle, or outer el- 
lipse, the widest 
part of the pit, with 
which it joins on 
to the primary wall 
separating the two 
cells. In fact, this 
pit is only distinguished from the simple pit, as we have seen it in 
the Date and in Omifhogalum^ in that it broadens at its base. The 
pits of the adjoining cells, however, meet here in just the same 
fashion. If the mouth of the pit, as commonly, is an obliquely 
placed ellipse (as in -A), by changing the focussing we shall 
find the corresponding mouth [of the other pit] oblique in the 
opposite direction. The two pit-chambers adjoining one another 
are separated from one another by the primary wall, which, before 
the commencement of the secondary thickening, was already pre- 



FiG. 26.— PtniM tt^XioiAri; A, a bordered pit in sarface 
vie#. B, a bordered pit in tangential longitudinal section ; 
U the toras. C, cross-section of an entire tracheide ; m, 
middle-lamella ; m*, a *' seeun " ; i, the limiting membrane 
(X 640). 


* It is of some advantage to keep an old razor (sharp, however,) for prepar- 
ing surfaces, as it is keener than a pocket-knife, and will spare the actual 
section razor. Even then the first section cut with the latter should be 
rejected. [Ed.] 
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sent, and subsequently is only slightly thickened. This delicate 
wall is the closing membrane. In the middle it is more strongly 
thickened, and forms the so-called torus. With most careful 
observation and suitable focussing we may even be able to see 
this torus. It forms a round, weakly-shining disk, which has 
about twice the diameter of the mouth (compare in A), In 
the most favourable cases, and here especially in preparations of 
dried wood, a radial striation is observable in this torus, and so 
that the delicate part of the closing membrane appears difEeren- 
tiated into radially dispersing lamellsB.* 

A complete insight into the structure of the bordered pit can 
only be obtained with the aid of tangential sections. As the 
bordered pits stand on the radial walls of the wood-cglls,^ they 
are seen in cross-section (Fig. 26, B) in correctly taken tangential 
longitudinal sections. We search for these structures in the walls 
separating the wood-cells, stopping first at the dividing walls of 
the broader wood-cells, and not allowing ourselves to be led astray 
by the sectional view of the medullary rays, which are formed 
of a number of smaller cells, standing one over the other. The 
figure of the cut pit is, it is true, clear only in very delicate parts 
of the section. If this condition is fulfilled, the pit appears in the 
form of the two ends of a pair of tongs directed towards one 
another [or like a couple of extremely short screws placed with 
their heads flat together], after the type of the above figure (26, C), 
If once the structure of this large bordered pit is known, we can 
obtain information as to the structure of the smaller ones, which 
lie in the thicker walls of the narrower wood-cells. The difference, 
apart from the smaller size, is, that here on both sides a longer 
canal, corresponding to the thickness of the wall, runs out of the 
broadened pit-chamber. The largest bordered pits are connected 
with the smallest by all intermediate stages. In the interior of 
the pit is seen, in the most favourable cases, the closing mem- 
brane, which in its centre is swollen into a torus (t). In the 
bordered pits of the air-dry wood it is usually pressed to one side 
of the pit-chamber (B). If, on the other hand, fresh wood, or alcohol 
material, is investigated, we shall find the closing membrane in 
the sap-wood [alburnum] stretched across the middle of the pit- 
chamber. In the heart- wood [duramen], on the contrary, the 
relations are just as we have given for the air-dry wood. The 
figure of the bordered pit is clearer after the action of chlorzinc 
iodine, which stains the cell- wall yellow-brown. This coloration 
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is dae to the sti'ong lignification of the walls. Only in occasional 
places is a violet tinge still to be seen there, i.e., where a not yet 
completely lignified inner thickening layer gives this colour re- 
action. The closing membrane is in general not stained by the 
chlorzinc iodine. After treatment with this reagent we can 
readily convince ourselves that the perfect wood-cells contain 
here neither protoplasmic sac nor nucleus ; they consist only of 
dead cell- walls, and, as they functionally contain only water, and 
in this respect, as well also as in the nature of the thickening 
of their walls, they simulate the tracheas, i.e., vessels, they are 
known as tracheldes, more recently as hydroSdes. 

Not infrequently the pine wood, which we examine, shows in 
longitudinal section a more or less distinct spiral striation mount- 
ing at an angle of about 45°. The mouths of the pits then 
appear elongated in the direction of the striation, and as do the 
strisB of the two adjoining side- walls, so also the mouths them- 
8el7es of adjoining pits cross one another. 

We prepare a cross-section also of the pine wood. This must 
be specially thin. The tracheides thus cut across appear as a 
rule rectangular. They form radial rows. We pause at one 
with the widest lumen (cavity). On its radial walls we see the 
sections of the pits (Fig. 26, 0), the figure of which appears in no 
way different from the tangential longitudinal section. Between 
the cells the middle lamellsB proceed as fine separating lines (m). 
Where more than two cells are in contact, the middle lamella is 
broadened into a solid or hollow "seam" (m*). The inner limit of 
the cell-wall is more strongly refractive and forms the limiting 
membrane (i), which is specially clear in the more strongly 
thickened tracheides with narrower cavities. It is always clearer 
after the action of concentrated sulphuric acid. The thickening 
sheaths swell, and are finally dissolved ; the limiting membrane 
resists longer and stands out sharply. Between the swelling 
thickening layers are seen the primary walls of , the cells, of which 
finally only the delicate network of middle lamellas is left behind, 
stained yellowish-brown. These middle lamellas, resisting con- 
centrated sulphuric acid, are cntinized [cnticnlarized]. With 
slower swelling in sulphuric acid it can be often determined, and 
especially on the strongly, thickened tracheides, that the thicken- 
ing layer consists of very numerous extremely delicate lamella. 
With chlorzinc iodine the cross-section, as previously the longi- 
udinal section, is coloured yellow-brown ; in individual cells, how- 
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ever, part of the thickening layer impinging directly upon the 
limiting membrane, takes on a violet tone. If we follow the 
treatment with chlorzinc iodine with dilute sulphuric acid (two 
parts acid, one part water), under the influence of this latter a 
blue coloration of the entire thickening layer is possible. If 
delicate sections are treated with concentrated chromic acid, an 
opposite action to that of sulphuric acid results. The middle 
lamellsB are dissolved, and the individual cells, therefore, are 
separated from one another. The thickening layer of the cells ' 
undergoes a not inconsiderable swelling ; the limiting membrane 
at the commencement of the action stands out sharply, but soon 
becomes unrecognisable. 

In order further to learn the characteristic reactions for 
Lignin, we will make use of phloroglucin and of sulphate of ani- 
line.^ "We dissolve a trace of phloroglncin in alcohol, and lay 
some sections of wood in this solution. After this we place it in 
a drop of water on the object-slide, and allow, from under the 
edge of the cover-glass, hydrochloric acid to act upon it. The 
walls of the cells quickly take on a beautiful violet-red coloration. 
Other sections we place in a watery solution of aniline sulphate, 
where they at once become bright yellow ; this colour is still more 
heightened by the addition of dilute sulphuric acid. In place of 
the phloroglucin we can use an extract, prepared with water or 
spirits of wine, from the wood of the Cherry, with almost the 
same result.® If fresh sections of the stem of the Pine, passing 
from cort-ex to pith, are treated with concentrated hydrochloric 
acid, a yellow coloration of the wood is at once brought about, 
which, however, gradually shades off, inwardly and outwardly re- 
spectively, into a violet coloration.^^ This also is the phloroglucin 
reaction, and indeed proceeds from the phloroglucin which comes 
from the contents of the cortical cells and pith cells respectively. 
Even the medullary rays of the young wood contain a little 
phloroglucin, so that the violet coloration also spreads from each 
of these. 

In the future, we shall make use of the different relations of 
lignified and unlignified cell-walls towards certain colour-bodies 
as an assistance in our investigations. 
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NOTES TO CHAPTER V. 

1 Compare Sachs, most recently in Jahrb, fUr toUs. Bot, Bd. III. p. 187. 
^ Barfoed de organUke Staffers qualitative analyse, Ejobenhavn. 1878, 
pp. 210, 217, 223. Notes. 

^ Compare H. Molisch, Ber, der deutseh, hotan, GeseUsch, I. Jahrg. p. 150. 

* Sachs, Bot, Ztg. 1864, p. 77 ; Hansen, Arh, d. Bot, Jnst. in WUrzhurg. 
Bd. III. p. 108 ; Meyer, Bot. Ztg. 1883, Col. 334 ; W. Gardiner, Proceedings 
of the Cambridge Philosophical Society, Vol. IV., Pt. VI. p. 387. 

» Sanio, Jahrb. f. wiss. Bot. Bd. IX. p. 50. Strasburger, Zellhdute, p. 38. 
Bussow, Bot. Centralbl., 1883. Bd. XIII., Nos. 1-5. The other literature is 
there quoted. 

« Compare Eussow, Bot. Centralbl., 1883. Bd. XIII., Nos. 1-6. 

7 Bordered pits placed on the tangential walls occur rarely in the Pine, bat 
on the contrary are quite regularly met with in the autumn wood of the other 
Abietine«e. 

> Both introduced by Wiesner (compare Stzbr. der math. nat. Klas. der Akad. 
der Wiss. zu Wien. Bd. LXXVII. 1. Abth., and before that in other places). 

• Von Hohnel, Stzber. der math. nat. Kt. der Wiener Akad. d, Wiss. Bd. 
LXXVI. p. 685. 

*o The same, page 676. 
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CHAPTER VI. 

THE EPIDEBMIS, STOMATA, WATEB STOMATA. 

Material Wanted. 

Leaves of Iris Jlorentma. Fresh. 

Leaves of Tradescantia virginica. Fresh. 

Leaves of Aloe (e.g. A, nigricaue) or Agave. Fresh. 

Leaves of Aneitnia (e.g. A. fraxinifolia). Fresh. 

Leaves of Nerivmi oleander. Fresh. 

Leaves of TropoBolum majua (Indian cress, or so-called " Nasturtium "). 

Take a surface section of the outer side (morphologically the under 
side) of the " equitant " leaves of Iris fiorentina. The section must 
be so thin that it onljr grazes the tissue underlying the epidermis, 
and should be observed in water with the outer side turned up- 
wards. It will be at once seen that the Epidermis is composed of 
elongated cells which run parallel to the long axis of the leaf. 
The cells are ended by cross partition walls ; they are connected 
together without any intercellular spaces (other than the stomata), 
contain colourless cell -sap, a nucleus, and a very reduced proto- 
plasmic sac. On its external side the epidermis is covered by an 
exceedingly fine-grained layer of wax. In a line with the cells of 
the epidermis lie the elliptic Stomata, wtich, however, are only 
indistinctly visible because the four cells of the epidermis which 
surround each spread over the Guard-cells of the stoma, par- 
tially covering them. Hence there remains only an elliptically 
elongated pit (/) which leads to the stoma (Fig. 27, -4). This 
pit usually appears black, because filled with air. In order to see 
the guard-cells well, now turn the section over. It can then be 
easily proved that the stoma is formed by two half-moon-shaped 
guard-cells. In distinction from the neighbouring epidermal cells 
these cells contain chlorophyll bodies. The nuclei are wont to 
show as clear spots about the mid-length of the cells. Between 
the two guard-cells is a spindle-shaped cleft («), about half the 
length of these celU. Since the long axis of the stomata corre- 
sponds with the long axis of the leaf, it is easy to obtain correct 
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cross sections of tlie stomata. The section is taken at riglit angles 
to the long axis of the leaf. For this purpose a narrow strip, 
about |-inch broad, should be cut out of the leaf in the direction 
of its length with a pair of scissors ; this strip can be supported 
between two pieces of the pith of the elder or of the sunflower.* 
The elder or sunflower pith necessary for this purpose is obtained 
from dried pieces of the stems of those plants by stripping, off the 
cortex and woody bundles. A piece of pith about an inch long is 
cut in two lengthwise with a sharp razor. The flat strip of tissue 



Fio. 27.— Epidermis of the under side of the leaf of Iris fiorentina. A, surface view ; B, 
in oroBS'Section. /, stomatio pit ; s, cleft, or stoma; e, cnticle; a, air-chamber (x 240). 


which has to be cut is now laid between the two halves of the 
pith, so that the end of the strip reaches to the end surface of the 
piece of pith. Thin cross sections are then taken through pith and 
object at the same time, and the sections are lifted with a camel 
hair brush from the blade of the razor on to the object-slide. 
While cutting, the two pieces of pith can either be held together 
simply with the fingers, or the two halves can be fastened together 
by tying round with a piece of thread. In cutting, the pith is so 

• Or, several such strips can be packed together without other support than 
they give to each other. [Ed.] 
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held that the razor lights on the broad side and not on the thin 
end (edge) of the object; in this way many equal sections can be 
taken. For delicate objects the softer sunflower pith is preferable 
to the somewhat harder elder pith; for more resistant objects, 
like that in question, elder pith. is better used; for still more 
resistant objects, not pith, but fine cork, as used for bottles.* The 
preparation of sufficiently thin sections need in this instance 
present no real difficulty ; under any circumstances such difficulty 
can be overcome by the use of a Microtome, A hand microtome 
of the simplest construction, such as Zeiss (of Jena) offers in his 
Catalogue for 1883, as No. 140, at 18*., would suffice. This has a 
round cutting plate, ground smooth, of about three inches in 
diameter, which is fastened to a cylindrical tube, likewise serving 
as a handle. Inside this tube is placed a second, movable upwards 
and downwards by means of a screw. The extent of the move- 
ment can be read off upon a divided disk. The pieces of pith, 
between which the object is, are placed between two pieces of 
cork, hollowed out to receive them, and these are firmly fixed in 
the inner tube of the microtome. The pieces of pith project 
somewhat beyond the pieces of cork, and reach as high as the 
upper cutting plate. The sections can be taken either with an 
ordinary razor, or with one ground flat on one side ; [and while 
one hand holds the microtome] the razor is moved with the free 
hand over the cutting plate. [In the case of the razor with one side 
ground flat, this side should be applied to the cutting plate. Sec- 
tions are best cut by pushing the razor away from the operator.] 

* A few more praotioal hints on the subject of section-oatting by hand may 
be of use to beginners. The razor for most purposes should be what is called 
" hollow-ground," and of tolerably good quality, avd should be kept sharp. The 
object to be cut should be held pretty firmly between the thumb -and index- 
finger of the left band, the index-finger being beld as nearly as possible hori- 
zontally, and slightly bent, the thumb likewise very slightly bent, and with the 
joint depressed below the level of the finger, in order to secure its safety should 
the razor slip. In holding the object to be cut, the side of the tip of the index- 
finger should be rather higher than that of the tip of the thumb. The razor 
being then grasped firmly but not stiffly, the blade held quite flat and hori- 
zontal, the edge towards the body ; the index-finger of the left hand will serve 
as a table, on which the blade will lie and thus be greatly steadied. The section 
should be cut by a single forward and lateral movement of the blade. With all 
objects which will bear it, the razor-blade may float with alcohol on its upper 
side, and the object should be similarly wetted ; otherwise the object, as here, 
may be kept moist with water. For this purpose two " wash-bottles " are a 
saving of time — one for distilled water, the other for alcohol. [En.] 
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After cutting each section, the object shonld be somewhat raised 
by turning the screw. Microtomes of complex construction, such 
as are necessary to zoologists, are superfluous for botanists. 

In this way a considerable number of sections are prepared for 
further use, and they can be laid in the meantime [by means of a 
camel-hair pencil] in a watch-glass filled with water. Place some 
of the sections in water for observation under the microscope, and 
they will show, in favourable places, median cuts through the 
stomata, as shown in Fig. 27, B. As such a cross section will 
show, the epidermal cells of Iris florentina are more strongly 
thickened on their outer than on their inner side. The inner walls, 
however, are also pretty thick, while the radial walls are only 
slightly thickened. This structure is connected with the function 
of the Epidermis, which not only has to serve as an outer pro- 
tecting sheath, but also has to functionate as a water-reservoir.^ 
The thin radial walls easily allow a change in the capacity of the 
cells, which, by means of a bellows-like play, diminish in height 
through loss of water, and enlarge again with increase of water. 
The guard-cells lie recessed between the epidermal cells ; the 
manner in which the latter overlap the guard- cells can be at once 
seen. The pit leads down to the guard-cells. These latter show 
a cross-section quite peculiar to them. On the upper and under 
side they are strongly thickened. These thickened places are 
contiguous on that side on which is the stomatic cleft. Above 
each of these places is found a peculiar beak-like projection. On 
the opposite side, turned towards the interior of the epidermal 
cells, the guard-cells are comparatively thin-walled. This method 
of thickening of the wall is connected with the mechanism of the 
movement of the guard-cells, which would more strongly curve, 
and thus widen the cleft, when their turgidity increases, but 
which would straighten themselves, and thus diminish the 
cleft, when their turgidity decreases. It is clear, indeed, that 
with increasing turgidity the guard-cells must become more 
convex on the side of less resistance, more * concave on the. 
side of greater resistance ; just as an indiarubber ball, with a 
wall thicker on one side, must, by the forcing in of water or air 
under high pressure, become concave on the side of stronger re- 
sistance. The thin place on the side of the cleft, where the two 
thickened parts join together, facilitates the flattening of the cells 
on this side during curvature. In order that the movement of the 
guard-cells may not be prejudiced, we see the outer epidermal 
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wall join on to these gnard-cells with suddenly diminishing rim ; 
the guard-cells are here fastened as with hinges, —the epidermal 
or stomatic joints, or articulations. Under the stoma is found 
the air-chamber (a), a large intercellular space, under natural 
conditions filled with air, surrounded by chlorophyll-containing 
cells, and connected with the intercellular spaces which are found 
between them. A cross-section laid in chlorzinc iodine shows us 
that the walls of the epidermal cells stain in their entire extent, 
with the exception of a thin outer layer, somewhat corrugated, the 
so-called Cuticle (c) which becomes yellowish-brown. This cuticle 
swells out at the stoma into the beak-like projection which we 
have already mentioned, which appears coloured yellow-brown 
by the chlorzinc iodine, and is therefore cuticularized. As an 
extremely delicate membrane, the cuticle is continued through the 
stomatic cleft, oyer the guard-cells, to the commencement of the 
chlorophyll-containing parenchyma. For the rest, the guard-cells 
are also violet over their whole extent [and are therefore of 
cellulose]. By the use of concentrated sulphuric acid the whole 
section is dissolved, the cuticle alone remaining behind, together 
with the cuticularized projections of the stoma. 

An exceedingly favourable object for the study of the stomatic 
apparatus is found in Ih'adescantia virginica. The epidermis on 
both sides of the leaf consists of polygonal cells, mostly elongated 
in the direction of the long axis of the leaf ; with these alternate 
narrow stripes of longer and narrower cells. These stripes are 
visible with the naked eye, especially on the under surface of the 
leaf, and appear green in colour, while the stripes of broader cells 
show grey. The lateral walls of ^ the epidermal cells are pitted ; 
the outer surface is faintly striate. The number of stomata is 
markedly greater on the under side of the leaf; therefore we 
choose this side for investigation. The stomata are always sur- 
rounded by four epidermal cells (Fig. 28,-4). The guard-cells lie 
on the same level with the epidermal cells ; the cleft which they 
have between them is comparatively large ; they contain chloro- 
phyll-grains, between which the nucleus is usually visible. In 
the epidermal cells also the nuclei are sharply conspicuous, and 
appear surrounded by colourless leucoplasts (Fig. 28, -4, I) ; the 
cell-sap of the epidermal cells is here and there rose-coloured. The 
long axis of the stomata corresponds with the long axis of the 
leaf, so that here also it is easy to obtain correct cross-sections. 
The stomata present then the appearance shown in Fig. 28, B. 
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The stomatic side of ^ the guard-cells here also appears to be 
thickened, while the side turned towards the interior of the 
epidermal cells is thinner. Besides this, it happens that both 
of the epidermal cells bounding the guard- cells are flatter than 
the epidermal cells lying beyond, and are also less thickened 
on their onter sides. They appertain, therefore, to the stomatic 
apparatus as '' accessory cells"; they form the hinge or joint 
which in Iris florentina is formed merely by the thin part of the 
membrane at the insertion of the guard-cells. The leucoplasts 
(I), which surround the nucleus in the epidermal cells, offer here 
a very favourable object for observation. It is interesting that 
these leucoplasts, .in spite of being in a position so strongly 
exposed to the lights remain small and colourless, and do not 
develop into chlorophyll-grains. The epidermis has here another 
purpose, and has not to functionate as an apparatus for assimi- 
lation. 



Fig. 28.— Epidermis of the under side of the leaf of TradeawnUa virginica. A, seen from 
above ; B, in cross-section through the leaf ; I, leucoplasts ( x 240). 


The so commonly cultivated Tradescantia zebrina has a stomatic 
apparatus composed in the same way. Stomata are present only 
on the under side of the leaf. The cross-section is very instructive, 
though not easy to obtain thin ; thicker sections serve for general 
information. The epidermal cells on both sides of the leaf are 
alike distinguished, as cross-sections show, by their considerable 
size. Those on the upper side especially are so deep that they 
alone form half the thickness of the leaf. Many of these epidermal 
cells are seen to be divided by cross- walls. On both sides of the 
leaf the epidermal cells contain little besides watery cell-sap, that 
on the under side, moreover, mostly appears coloured red. The 
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leaves of Tradescantia present, therefore, in their epidermis, a 
specially efficacious water-reservoir. Tha accessory cells of the 
stomata, almost always four in number, are, as the cross-section 
shows, quite thin, so that a great air-chamber, of the depth of the 
snrrounding epidermal cells, is formed under the stomatic appara- 
tus. In thicker parts also of a surface section, taken from the 
under side of the leaf, the form of the air-chamber can be traced 
out by deeper focussing, so long as the chamber is not opened by 
the razor, and remains filled with air. The leucoplasts around the 
nucleus of the epidermal cells are again clearly visible. 

The species of Ahe and Agave possess epidermal cells thickened 
very strongly on their outer sides, and stomata correspondingly 
deeply sunk in the epidermis. Because it is specially instructive, 
and not difficult to prepare, we select for observation Aloe nigricans, 
a greenhouse plant with ligulate leaves arranged in two series 
(ranks). Other species of Aloe can, if need be, serve as substi- 
tutes for this. In surface sections, the epidermis of upper as well 
as ujider side appears formed of regular polygonal cells, mostly 
hexagonal. The cavity (or lumen) of each of these cells is reduced 
to a relatively small, rounded space. This space appears dark, 
because the razor opened the cells from below, and the cavities 
filled with air. The stomata are found on both sides of the leaf ; 
deep pits lead up to them. These pits are always bounded by 
four cells, and have a rectangular contour ; a somewhat project- 
ing rim surrounds the pit. If you wish to see the guard-cells, it 
suffices to lay the section on the glass slide with the inner side 
upwards. The guard-cells are comparatively broad and short; 
amongst their contents are noticeable strongly refractive spherical 
oil-globules. A.s the epidermis is very hard, the cross-section is 
best taken between two, pieces of bottle cork. The whole thick- 
ness of the leaf need not be taken, but rather a piece of the tissue, 
about ^V^^ i^ch thick, is cut ofE from one surface of the leaf. As 
the stomata run parallel to the long axis of the leaf, we aiTange 
the piece of leaf so that it shall be cut at right angles to this axis. 
We cut the sections from the inner towards the outer, i.e., from the 
soft towards the harder part of the tissue. The strong thickening 
of the epidermal cells is observable immediately in these sections 
(see Fig. 29) ; this thickening afEects only the outer half of the 
cell ; corresponding to it, the cavity of the cell tapers in an out- 
ward direction. The thickened parts of the cell-wall are white, 
strongly refractive, and are covered externally by a cuticle more 
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strongly refractive still, but not sharply delimited. The lateral 
boundaries of the cells are only indicated by delicate lines in the 
thickened mass, and outwardly by a slight ridge. The interior of 
the strongly refractive thickening sheath is clothed by a compara- 
tively slight, weakly refractive layer (i). This surrounds, there- 
fore, first the keel-shaped lessening part of the cell-cavity ; while 
gradually thinning off, it ends in the side walls simultaneously 
with the refractive thickening layer. This thickened part of the 
epidermis, viewed in the aggregate in the section, appears like a 
curtain cut into regular teeth. At the places where the hollows 
leading up to the stomata are found, is first to be noticed the 
projection which encloses the hollow as with a rim ; next, that the 

tooth, formed by 
the thickening 
layers, is here 
halved unilater- 
ally, and has also 
only half its 
usual depth. The 
guard-cells show, 
both above and 
below, on the 
stomatic side, 
projecting ridges, 
which in cross- 
section appear 
beak-like. Above 
the guard-cells are found the thin parts of the wall which serve as 
epidermal joints. The air-chamber is narrow and deep. Commonly 
a parallel, more or less oblique, striation will be observed on the 
thickened walls of the epidermal cells ; it is caused by the 
razor in cutting, and recurs in the same way not infrequently 
on hard elastic objects. A section treated with chlorzinc iodine, 
shows the highly-refractive thickening layer coloured yellow- 
brown ; it is, therefore, cuticularized. The inner covering to 
this layer (i) is, on the other hand, coloured violet, as likewise 
is the rest of the tissue of the leaf. ' The yellow-brown coloration 
passes over the " hinge " on to the projections which are on the 
guard-cells above and below. Elsewhere the guard-cells are 
coloured violet. On treatment with concentrated sulphuric acid, 
the whole of the part which colours yellow-brown with chlorzina 



Fio. 29.— GroBfi-section through the epidermis and stoma of 
Alo8 nigricans, i, inner thickening lajer (x 240). 
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iodine remains at first behind ; after some hours' action this also 
is dissolved, and then the delicate cuticle, and the fine middle 
lamellae found between the epidermal cells alone still persist. The 
cuticle is continued over the guard-cells to the junction with the 
chlorophyll-containing inner cells. The cuticular layers and the 
cuticle take a brown colour in the sulphuric acid. The oil present 
in the guard-cells " balls " together, immediately on the entrance 
of the acid, into a highly refractive spherule, which disappears 
after some time. 

Many modifications occur in the arrangement of the stomata 
in the epidermis. A very remarkable instance is that where the 
stomatic apparatus is surrounded by a single annular epidermal 
cell. This can be observed in Aneimia fraxinifoUa, a fern which 
is to be found in every botanical garden. The 
cells of the epidermis have a strongly undulat- 
ing ["sinuous "] outline (Fig. 30), and, by this 
mutual dovetailing, so common a thing in epi- 
dermal cells, gain in firmness and solidity. 
Like all other ferns, An&imia contains chloro- 
phyll-grains richly in its epidermal cells. Here, 
therefore, such a division of labour as exists in 
most Phanerogams is not carried out, and the 
epidermis forms part of the assimilating tissues. „ _ ... 

J; Fig. 30. — ^netmta 

The stoma is set in the surrounding epidermal frasemifoiia. stoma. 
cell as in a frame. Cross sections (at right ^^S^^^-^^y, ':^ 
angles to the lateral veins) show us that they nuciens of the epi- 
project somewhat above the surface of the epi- ®"^* ^^ ^^ 
dermis. This extreme case is connected by intermediate forms, 
with other less remarkable ones, into which we shall not further 
enter. We need only to imagine the stomatic apparatus removed 
to the side wall of the surrounding epidermal cell, to do away 
with the unusual character of their insertion. 

Nerium oleander shows a peculiar condition. Neither on the 
upper nor the under surface of the leaf can stomata at first be 
seen. On both sides we find a comparatively small-celled epider- 
mis, which, especially on the under side, is covered with unicellular 
hairs, their walls thickened almost to the disappearance of the 
cavity. On the under side of the leaf, however, there appear 
also larger or smaller depressions, filled with air, and garnished 
at their edges with short hairs, resembling those just mentioned, 
but with less thickened walls. These hairs, coming together, 
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close up tlie aperture towards the exterior. A second surface 
section from the under surface of the leaf, taken from the same 
place, whence a previous one has already removed the epidermis, 
permits to us here and there a view of the bottom of the hollows. 
For this purpose it is, above all, necessary that the air should be 
previously removed from the hollows, either under the air-pump, 
or through soaking the section in alcohol. It is then shown that 
from the walls of the depression, project small conical elevations, 
whose apex is formed by a stoma. The side walls of the small 
cones consist of epidermal cells, which allow between them an 
air-chamber extending to the stoma. Between the cones bearing 
the stomata, the similar hairs to those which we have seen on 
the edges spring from the walls of the cavities. 

We will now turn our attention to a specially favourable object 
for observing Water-Pores or Water-Stomata. These show the 

same structure as the air. 
stomata, but are larger, 
the cleft, as well as the ad- 
joining intercellular space 
(air-chamber) is, at least 
partially, filled with water. 
The guard-cells of these 
stomata may be from the 
first immovable, quickly 
perish, and then at all 
events lose their mova- 
bility. The most favour- 
able object for the study 
of these water-pores is 
Tropceolum majus [the In- 
dian cress or so-called 
"Nasturtium"]. The 
water-stomata are found 
in the upper side of the leaf, and always over the ends of the prin- 
cipal veins (or ribs). Here the edge of the leaf usually shows 
a small depression. A pretty clear view of the water-stomata 
can be had if a suitable piece of a leaf throughout its whole 
thickness is brought into the field of the microscope, under wjjfter, 
and covered over with a cover-glass. The details are indeed only 
observable on surface sections taken from the proper part of the 
edge of the leaf. A water-stoma then presents the appearance 



Fxo. 31.— Water-stoma of the edge of the leaf of 
Tropceolum Tinajus, together with the surroondiug 
epidermal cells ( x 24iOJ. 
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in Fig. 31. The contents of the guard-cells were in this case 
already reduced to a minimum. Several water-stomata are always 
found at a short distance from one another. 


NOTES TO CHAPTER VI. 

1 St^asburger, Jahrh. fur loist,, Bot, V. p. 297 ; de Bary, VergL AnaU pp. 32 et 
seq. ; 70 et seq. (See trans, by Bower is Soott, pp. 29, et seq. ; 66 et seq.) 
Schwendener, MonaUber. d. kgl. Akad, d. WUs. in Berlin, 1881, p. 833. For the 
remaining literature, see the two first-named authorities. 

* Westermaier, Jahrb, fUr wiss. Bot, XIY . p. 43. 


72 HAIBS. 


CHAPTER VII. • 
THE EPIDERMIS (CONT.) ; HAIRS. MUCILAGE AND WAX. 

Material Wanted. 

Young branches of Wallflower {Chevranthtbs Gheiri), Fresh. 

Leaves of Ten- week Stock (Matthiola armua). Fresh. 

Flowers of Pansy (Viola tricolor). Fresh. 

Flowers of Mullein (Verhascum nigrum). Fresh. 

Leaves of Verhascum thapsiforme. Fresh. 

Leaves of Shepherdia canadensis, or of Eleagnus angustifoUus, Fresh. 

Young stems of Bosa semperflorenSf or other rose. Fresh. 

Young stems of the stinging nettle (Urtica dioica). Fresh. 

Leaf -stalks of the Primula, P. sinensis. Fresh. 

Young stems of Bumex paiientia. Fresh. 

Leaves of Sundew (Brosera rotund/ifolia). Fresh. 

Winter buds of ^sculus Hippocastanum, 

Leaves of Echeveria secimda-glauca, or other like kind. Fresh. 

Piece of cortex of node of sugar-cane (Saccha/rum offlcina/rvm). Fresh. 

We are already acquainted with the root-hairs of Hydrocharis 
morsus-rance, and as with root-hairs it is always a case of similar 
unicellular sacs, we can abstain from further investigation of 
them. We have also seen the epidermal cells of numerous petals 
elongated into conical papills {TropoBolum, Bosa), and also the 
staminal hairs of Tradescantia, threads formed of barrel-shaped, 
swollen cells (Fig. 15) ; lastly also the hairs of Gucwhita, passing 
over from a multicellular base into a simple pointed thread. Plant 
hairs are therefore known to us from many points of view ; it is, 
however, worth while to extend our special knowledge of them. 

On the leaves and stems of Crucifera9 we find very many forms 
of much- branched xmicellalar hairs. On the stems and leaves of 
the Wall-flower, or Qii\\.j'fLowev {Gheiranthus Gheiri),we see spindle- 
formed structures (Fig. 32, A), with narrow cavities obliterated 
towards the two ends. These unicellular spindles are covered on 
their outer surface with protuberances, always fewer large ones 
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with nnmeroas small ones between. As the spindles are all di- 
rected parallel to the long axis of the leaf, it is comparatively easy 
to obtain a good cross-section through them. It is indeed desir- 
able to hit npon the hair at its point of insertion in the centre of 
its length, and numerous sections must therefore be taken in 
order to increase the cbance of success. Then we see (Fig. 32, B) 
that the place of insertion of the hair lies somewhat depressed, 
and that the epidermal cell which broadens out outwardly into the 
body of the hair is smaller than its neighbours, that at the base 
it is somewhat swollen, 
rounded, and reaches more 
deeply into the surround- 
ing tissue. It forms the 
" foot " of *the hair. Lon- 
gitudinal sections through 
the leaf show that the 
foot is not broader in the 
long direction of the hair 
than in the cross direction. 
We can readily satisfy 
ourselves that the cavity 
of the foot passes without 
iuterruption into the cav- 
ity of the body of the hair. 
We can obtain a still 
more complete figure of 
the form of the foot if we 
lay a thin surface-section 
with the under side up- 
wards. The foot is circular 
in cross-section. It can 
now be seen, also, that 
the chlorophyll-containing 
cells of the tissue of the 
leaf adjoin radially, and without interruption, the somewhat 
broadened part of the foot projecting below the epidermis. 

The hairs of the ten- week stock, Matthiola annim (Fig. 32, 0), 
are repeatedly branched in one plane. These hairs, especially on 
the under surface of the leaf, are set so closely together that their 
branches interlace. The cavity of the hair, in consequence of the 
strong thickening of the walls, is well-nigh obliterated. Knobs 



Fig. 82, A and B.— From the under side of the 
leaf of Cheiranihui Cheiri. A^ the hair seen firom 
above (x 90). B, in cross-section (x 240). C, tcom 
the under side of the leaf of Maiihiola amiua; hair 
seen from above ( x 90). 
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are scarcely at all developed on the surface. The view of the 
epidermis from the inner side (by means of surface sections placed 
npside down) is very instructive, for it shows a tolerably marked 
swelling of the globular foot of the hair, and around it an exceed- 
ingly beautiful radial arrangement of the chlorophyll-containing 
cells. 

In the groove of the lower spur-like elongated petals of the 
pansy (Viola tricolor) are very peculiar long unicellular hairs (Fig. 
33). They can be seen very well if a 
cross-section of the lower petal is taken 
near the place where the tubular spur 
opens out into the furrow or groove. 
Each of the epidermal cells concerned 
grows OT}t, almost in its entire 'width, into 
a hair. This is covered with irregular 
knotted swellings. The membrane of the 
hair shows slight longitudinal ridges. 
The cell-sap is colourless, but yellow 
pigment-bodies (chromatophores) are 
often present in the protoplasmic sac. 

The staminal filaments in the flowers of 
the common Mullein (Verhascum nigrum) 
are covered with unicellular violet hairs. 
In order to examine them the anther 
should be removed from the filament, and 
this latter pulled to pieces with needles 
in a drop of water on an object-slide. 
The hairs are very long, swollen out at 
the end into the form of a club, and with 
violet cell-sap. The surface of the hair 
is covered with elongated protuberances 
which ascend in more or less regular spirals. 

Branched multicellular hairs are to be found in the same plant 
on the under side and edges of the corolla. Seen from above, these 
hairs have a certain likeness to those of Matthiola, but all of the 
branches here arise from a common central point, and each branch 
is in itself a closed cell. Moreover, the branches do not spread 
out in the same plane, but arise at indefinite angles. Their walls 
are quite as strongly thickened as in Matthiola; outer protu- 
berances are wanting. The hairs on the edges are seen in side 
view. The body of the hair is cut off by a partition wall from 



Pio. 83.— Hair flrom the fur- 
row of the lower petal of Viola 
tricolor {X 240). 
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the epidermal cell which bears it. It consists of a stalk or pedicel, 
almost always unicellular, and upon this the branches are mounted. 
Slight modifications of these conditions occur, which need no fur- 
ther explanation. Besides these branched hairs, the edge of the 
corolla also bears small glandular hairs. These have a two to 
three celled stalk, and a flattened head, which is covered here and 
there at the apex by a strongly refractive substance. These last 
we shall not, however, study here, but in another more favourable 
object. 

It is only necessary to imagine the multicellular branched hairs 
of the mullein placed one upon another several times in order to 
understand the hairs which form the felt on the leaves of Verhas- 
eum thapsiforme. These hairs are sometimes as many as five 
stages high, each stag^ is separated from its predecessor by a uni- 
cellular joint, which continues the main axis of the hair. The 
cells of .the hair are for the most part filled with air. They are 
best shown by cross-sections through the midrib of the leaf. 



Fia. 84. — Scales from the under side of the leaf of Shepheriia cana dennt. il,from the 
Bar face; B, in cross-section (x 240). 

To the same category as the branched hairs of the petals of Ver- 
hascvm belong the scales of Shepherdia canadensis. On the under 
side of the leaf, even distinguishable with a hand-lens, we find 
more or less loosely-formed white, and more or less closely-formed 
brown (Fig. 34, A) stars. On the upper side of the leaf only white 
stars are to be found, and they always in small number. The cells 
of these looser white stars contain, as microscopical examination 
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shows, only air ; they arise from a common central point, but are 
separated from one another laterally. On the upper side of the 
leaf they do not lie in one plane, but rather radiate stellately in 
all directions. The cells of the brown stars are connected together 
almost to their ends, and provided with living contents ; the 
nuclei in their interior can be seen without difficulty. A cross- 
section through the leaf, where it cuts a brown star centrally, 
shows that its stalk (Fig. 34, B) is multicellular, and that not only 
the epidermis but also the cell-layer next following passes over 
into it. The stalk bears aloft the stellate unilamellar but multi- 
cellular expansion. 

Should Shepherdia canadensis not be at our disposal, Eleagnus 
angustifolius can to a certain extent replace it. Here, on the 
under side of the leaf, only the white air-containing scales are 
present. The disk consists of cells either laterally isolated or also 
grown together almost to the margin. 

Now take a horizontal section through the stem of a rose, say 
Bosa semperflorens of the gardens, at the place where one of the 
prickles arises. Try to halve the prickle as nearly as possible in 
the middle, and then to take a thin section. This last is, indeed, 
not so easy as it seems. In cutting, do not neglect to moisten the 
cut surface with water. In a successful section it can be seen that 
the epidermis of the stem is continued over the prickle. The cells 
of the epidermis are at the same time more strongly thickened 
and more elongated. Inside the epidermis there pass into the 
prickle pretty strongly thickened narrow-cavitied cells, and, fur- 
ther in, similar but broader .ones. These last fill up the whole 
central part of the prickle. All these cells are finely pitted. The 
epidermis of the stem is separated from the chlorophyll-containing 
inner tissue by a strong layer of considerably thickened elongated 
cells joining on to one another with oblique end- walls, and con- 
taining no chlorophyll. These cells without chlorophyll are 
similar elements to those which form the inner tissue of the 
prickle. The elements of the tissue of the prickle, are, however, 
separated from the chlorophyll-containing tissue of the stem by a 
layer of flat-celled tissue. This strip of tissue arises by division 
from the undermost layer of the tissue of the prickle ; it follows 
only for a short space the chlorophyll-containing tissue of the 
stem, and then turns towards the epidermis, in order to bound the 
base of the prickle laterally also towards the chlorophyll-less 
tissue of the stem. This is a cork-layer, next to the outer surface 
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of which, by the interposition of a layer of separation (absciss- 
layer) the fall of the prickles will result in the older parts of the 
stem. Before this, it is possible to break off the prickle pretty 
smoothly from the stem, along the inner side of the cork-layer. 

If we select a prickle from the leaf-stalk for investigation, its 
structure is found to be in no way different from that on the stem, 
excepting that at its base the cork-layer is wanting. [Since the 
leaf as a whole will fall, separate provision for the fall of the 
prickles is unnecessary.] 

By careful examination of the cortical tissue adjoining the 
prickles of the rose, the presence of crystals in the cells can be 
made out. As they are not dissolved in acetic acid, nor in potash, 
but on the other hand are dissolved in hydrochloric acid without 
evolution of gas, they are crystals of oxalate of lime. They have 
here the form either of monoclinic prisms or of cluster-crystals. 
These last consist of a great number of crystals which are 
deposited on an original crystal. The cluster-crystals are specially 
distinguished by their size and stellate form. 

In order to get the stinging hairs of the common stinging 
nettle (JJrtica dioica) uninjured, we must take them from the 
younger parts of the plant. They are found best on the veins, or 
ribs, of young actively growing leaves. The hair, which is visible 
with the naked eye, should be cut off below its point of insertion 
with the razor, and examined in water. If the hair is already 
dead, air will be found in its interior, and its apex is then no 
longer intact. An uninjured hair presents the appearance repre- 
sented in Fig. 35. The hair is unicellular, sharply conical, 
swelling at its apex into a small knob. At the base the hair 
broadens out, and the bulb thus formed is sunk in a cup which 
is developed from the tissue of the leaf. As its developmental 
history shows, this hair springs from a single epidermal cell, lying 
at the same level with its neighbours ; afterwards the strongly- 
swelling foot of the hair is lifted up on a column of tissue, which 
is covered by the epidermis, and is formed internally of hypo- 
dermal (sub-epidermal) tissue. In the hair itself is to be seen 
streaming of the protoplasm. The nucleus is usually to be seen 
inside the bulb, suspended by protoplasmic threads. The cuticle 
shows oblique striation, which ascends in the same direction in all 
the hairs. The wall of the hairs is siliceous, as can be readily 
proved by heating it red-hot on a mica plate. As already noted, 
hairs are often found with their points broken off. In case of 
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careless contact, the hair, by means of. this point, enters the skin, 
and as it is very brittle, breaks off, whereon the strongly acid sap 
enters the wonnd and canses slight inflammation. On the same 
piece of the epidermis, near to the stinging hairs, are also small 
nnicellnlar bristles (cf . Fig. 35) ; these last are distinguished by 
the strong thickening of their walls, and their fine tapering points. 
We can find the same kind of bristle on 
the edge of the leaf. For this purpose it 
suffices to place a piece of the leaf in 
water under a cover-glass. In old leaves 
the bristles can be thickened almost to 
the obliteration of their cavity ; their sur- 
face is covered with small protuberances. 
We have already met with glandular 
hairs on the edge of the petals of Yer- 
hascuTn nigrum ; they can be studied under 
more favourable conditions in Primula 
sinensis. For this purpose cross-sections 
are taken through a leaf-stalk. The body 
of the hair is divided from the epidermoid 
foot-cell by a cross wall situated out be- 
yond the epidermis, and forms a cell row, 
which consists of usually two (sometimes 
more), longer, and at the same time 
broader, and one (rarely two), narrower 
and also shorter cells. This last cell 
bears the globular head. Upon this, how- 
ever, is formed a more or less strongly- 
developed cap of highly refractive resin- 
ous yellowish substance. The secretion 
takes place between the cuticle and the 
wall of the cell. The cuticle is raised, 
distended, and finally ruptured, where- 
upon the secretion overflows the upper 
part of the hair. The addition of alcohol 
removes the secretion, and then the raised cuticle can be clearly 
seen lying in folds. The cells of the hair show a beautiful network 
of protoplasm with suspended nucleus, in which lies a large nu- 
cleolus. Small chlorophyll-bodies are embedded in the peripheral 
protoplasm. Very beautiful for observation are the glandular hairs 
(^colleters) upon the membranous sheathing stipules (ocbxesd) of 



Fio. 36.— Stinging hair of 
Urtica dioica, together with a 
fragment of the epidermie, on 
which is a small bristle ( x 00). 
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the leaf of Bumex patientia, one of the docks not found in 
Britain. The masses of secretion given off from the glands are 
here so considerable, that in damp weather the apex of the stem 
and the young leaves are found entirely covered with slime. The 
membranous ochresB can be observed directly, and for that purpose 
they must be turned with their inner side upwards. A careful 
examination of the preparation will show the glands in the form of 
minute plates. These minute plates rise with a short unicellular foot 
from a small epidermal cell. To the one cell succeed two ; upon 
these usually four cells, which 
are elongated in the direction 
of the long axis of the plate, 
and are repeated in several 
stages. On the outwardly- 
turned walls of the cells of the 
gland are often to be seen 
bladder- like swellings, which 
sometimes occupy a part, and 
sometimes the whole wall of a 
cell. The secretion, therefore, 
is formed here also between 
the cuticle and the rest of the 
cell-wall, and lifts the cuticle 
up. At length the bladders 
open and let out the secretion. 
This secretion is not coloured 
by iodine, nor with chlorzino 
iodine ; in water it swells to a 
perfectly clear solution, and 
behaves like a gummy body. 
The cells of the glands are 
rich in protoplasmic contents, 
and their nuclei are distinct. With Rosaniline violet the glands 
take an intense violet coloration, and the masses of slime are pale- 
red. Watery solution of nigrosine stains the slime steel-blue, 
without colouring the glands. 

Especially interesting in structure are the glandular hairs of 
the common sundew (l)ro8era rotundifolia), distinguished alike as 
digestive glands and tentacles. They arise as thread-like struc- 
tures from the edge and entire upper surface of the leaf. The 
threads (Fig. 37) taper a little in the course of their length, and 



Fio. 36.— Gland from the oohresB of Rumex 
pattmtia(x240). 
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swell into the form of an egg at their ends. The threads consist 
of delicate cells, elongated in the longitudinal direction ; the 
stronger threads are traversed by one or several tubes with screw- 
like thickenings, — the spiral vessels. The radial extension of the 
epidermis of the thread in forming the head, the fan-like arrange- 
ment of the elements of this epidermis, and their multiplication 
into two or three layers, are seen best in optical sections of the 
object (Fig. 37). The number of the spirally- thickened vessels 
is greater in the head; all the cells which 
lie inside the sheath formed by the division 
of the epidermal cells, take on this spiral 
thickening. The place of insertion of the 
thread, if correctly hit upon, shows that not 
only the epidermis but also the inner tissue 
of the leaf is continued into the tentacles. 
These digestive glands give out a slimy secre- 
tion, which clings to the head like a dew-drop 




Fig. 37. — Digestive 
gland [tentacle] of Dro- 
8era rotundifoUa (x 60). 


[Fig. 37*— Leaf of Droaera rotundifolia, diagrammatized. A, 
expanded ; d, tentacles on the edge of the leaf; m, the shorter, 
stouter tentacles of the centre of the leaf. B, all the tentacles 
have bent towards the middle at the touch of an insect, k (after 
Prantl).] 


[whence the common name of the plant], but does not arise under 
the cuticle, but rather flows out from its free surface. Small insects 
remain sticking in these slime drops, suffocated in the secreted 
slime, and are carried towards the centre of- the leaf by a corres- 
ponding inflection of the [stalk of the] digestive gland. Then 
the other digestive glands all bend together over the body of the 
insect, and come in contact with it with their heads. Upon this 


GUM, RESIK, WAX. 81 

the chemical nature of the secretion changes ; a free acid and a 
ferment, like pepsin, make their appearance, and these are enabled 
slowly to digest the albuminous bodies found in the body of the 
insect. The dissolved substances are absorbed into the plant. 

A cross-section through a winter bud of the horse-chestnut 
{JSsculua hippocastantmt) shows us button-shaped glandular hairs, 
situated on the scales covering the bud (Fig. 38). The inter- 
mediate scales of the bud bear glands on both sides; on the 
external ones more are found on the inner side, on the inner scales 
the most on the outer surface. The structure of the glands is 
shown in the figure ; it shows an axial cell-row, which towards 
the top divides, and from which the secreting cells radiate. The 
figure gives the gland in longitudinal section. The cuticle is 
broken through by the secretion, and this is discharged between 
the scales, coating them and stick- 
ing them together. This secretion 
consists of a mixture of gum and 
resin. In water the gum-drops 
scattered in the resin can be seen 
to swell, while on the other hand, 
by the addition of Rosaline violet, 
the resin mass is coloured a beau- 
tiful blue. Here also the contents 
of the glands are red. 

On one object (Iris florentina\ Fig. 38.-GlaTidulaT hau- on a scale of 

1 J J .the winter bnd of ^sculut fctppoeasta- 

we have already drawn attention num, covered with secretion ( x 240). 
to the finely granular layer of wax 

which covers the outer surface of the epidermis; we propose, 
however, to investigate this point specially on some other plants. 

Very suitable for this is Ucheveria secunda-glauca, or other like 
plant, which is now so often used in gardens for " carpet- bed ding." 
The wax layer, which can easily be wiped ofp, gives to the plant a 
hoary or " glaucous " appearance. A surface view of the epider- 
mis shows us a net-like crust of aggregated grains. 

In an easily observed form, we see aggregated short rods 
forming a wax layer, in the surface view of the epidermis of 
Eucalyptus globulus. 

The most beautiful object is the sugar-cane {Saccharum 
officinarum)^ now so commonly cultivated in plant-houses. Here 
the wax covering appears in the form of long rods or filaments, 
often curved or curled at the end. We remove a surface section 
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from the nodes of the stem, which are noticeable from their 
glaacous appearance. As much air clings between the rods, it 
is best to immerse the section for a short time in cold alcohol. 
It can be then readily examined. On the other hand, it is difficult 
to obtain a good cross-section with the rods still adhering. Fig. 
39 shows such an one. The rods stand closely crowded against 



aocgooe 



Fie. 39.— Gross-section through a node (knot) of the stem of Saceharum 
ojfflcvnarum, with a rod-like, waxy layer ( x 640). 

one another, many showing the bending already referred to. If 
a surface section is brought into proximity to a flame, the rods, 
under the microscope, show fused together. They dissolve in hot 
alcohol. 


* Compare this with de Bary, Comp, AnaL^ 
literatnre also given there. 


NOTE TO CHAPTER VII. 

10, 13, 16, et seq., and the 
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CHAPTEE Vni. 

CLOSED COLLATEBAL FIBRO- VASAL (OR FIBRO- VASCULAR*) 
BUNDLES. MUCUS AND GUM. 

Material Wauted. 

Stems of the Maize, or Indian Com {Zea Mais), some time in alcohol. 
Or, stems of the Oat {Avena sativa), or other grass, likewise in alcohol. 
Full-grown leaf of Iris florentina, some time in alcohol. 
Stem of DraccBna (CordyUne) rubra* Fresh. 

A VERY favourable object for the study of the structure of the 
closed collateral flbro-vasal bundles^ of the Monocotyledons is the 
stem of the Maize or Indian Com {Zea Mais), We will investigate 
material which has lain for a considerable time in alcohol, in order 
the more readily to become acquainted at the same time with the cell- 
contents. First prepare a cross-section, taking care that it passes 
through an intemode and not through a node. The comprehension 
of the structure will be much facilitated if the section is laid at 
once into a drop of chlorzinc iodine. Coloration of the section 
immediately begins, and the separate fibro-vasal bundles stand out 
quite clearly, even to the naked eye. If we lay the glass slide on a 
white object [e.g. a sheet of paper], we can in the readiest possible 
way get information as to the isolated (or scattered) arrangement 
of the iibro- vasal bundles ; an arrangement, as a whole, peculiar 
to monocotyledons. It will also show that the fibro-vasal bundles 
are more closely crowded together towards the periphery of the 
stem. Every fibro-vasal bundle shows in cross-section as an oval 
spot: the tissue in which these bundles are embedded is the 
Ground, or Fundamental Tissue. A separation of the ground- 
tissue into pith and cortex is not present with the scattered or 
isolated arrangement of the bundles. Now find, under the micro- 

• In the course of the chapter it will be seen that the term *' fibro-vascular," 
or "fibro-vasal,** is open to objections. The author uses the term "vasal- 
bundles,** or " vascular-bundles ** (Gefassbundel). The former are, however, in 
common English use, and are retained here. [Ed.] 
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scope with a low power, a part of the section suitahle for further 
investigation, choosing a fibro- vasal bundle which does not lie too 
near the periphery, because in this neighbourhood the structure of 
many bundles is simplifieijaDid' fusion with one another occurs. 
In all cases it is necessary to settle definitely in which direction 
the periphery of the stem lies, in order that we may know which 
is the inner and which the outer side of the bundle. The bundle 
which we select may appear somewhat as in the adjoining Fig. 40. 



Fio, 40.— Gross-seotioii throuKti a fibro-vasal bundle trom the inner part of the stem of 
Z»a Mais, a, Segment of an annular vessel; sp, spiral vessel; m and m', pitted ducts ; v, 
sieve-tubes; s, companion cells; pr, crashed elements of the protophloSm; I, intercellular 
passage; v?, sheath (x 180). 

First to attract our attention is the Sheath (vg), which surrounds 
the fibro-vasal bundle, and has become coloured more or less red- 
dish-brown by the chlorzinc iodine. It consists of strongly- 
thickened and lignified sclerenchyma cells or fibres, and has for 
that reason stained as indicated above. It is more strongly de- 
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veloped on the inner than on the outer side of the fibro-rasal 
bundle, still weaker on its sides. Passing now from the inner side 
of the bundle towards the outer, we next see an Intercellular 
passage (or intercellular space) (Z), surrounded by narrow, only 
slightly-thickened cells, which are nevertheless coloured yellow 
by the chlorzinc iodine. Into this* intercellular space projects 
a ring (a), belonging to an Annular vessel, which is usually torn 
by stretching. The intercellular passage, also, has usually arisen 
from the breaking down of cells. Such a method of development 
is indicated by the term lysigenotu, whereas when it arises only by 
the separation of the elements of a tissue, the process is schizogencms. 
This torn vessel, together with others which may perhaps also be 
seen projecting into the intercellular passage, represents the first- 
formed elements in this part of the fibro-vasal bundle, elements 
which were developed at a time when the parts of the plant with 
which we are now concerned were still in process of rapid growth 
in length. Impinging on the intercellular passage on its outer 
side, are one or more other vessels. They are i*ecognisable by 
their cavity, which is larger than that of the neighbouring cells. 
In the bundle represented in Fig. 40, only one such vessel («p), 
and that a rather narrow one, is observable in the cross section. 
These vessels, present to the number of one or more, are, as can 
be demonstrated only in longitudinal section, thickened in a spiral 
manner [they are spiral vessels]. Next, in each half of the 
bundle, right and left, is a wide cell-cavity (m, m'). These are 
two vessels with netted (reticulate) or pitted, rarely spiral thick- 
ening [they are the so-called pitted ducts]. Often in the cavity of 
these great vessels a ring, or part of one (m'), can be seen pro- 
jecting as a thickening of the wall. This is the relic of a cross 
partition- wall which, diaphragm-like, was broken through. The 
cells which surround the two great vessels are reticulately thick- 
ened : on their sides turned towards the ground-tissue these 
vessels are usually, however, bounded directly by the elements of 
the sheath. The elements lying between the two great vessels 
show also, in general, the network thickening, and appear as a 
somewhat darker band joining these vessels. They are usually 
arranged in regular lines in the direction of the radial axis of 
the bundle. All the walls of the vessels, and especially those of 
the two great vessels, are coloured yellow by the chlorzinc. iodine. 
In the two great vessels it happens that this coloration is more 
intense on that side where they are bounded by the sheath. The 
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elements between the* two large vessels are coloured a somewhat 
deeper yellow than those snrrounding the intercellular space. 

The part of the fibro-vasal bundle which we have thus far 
described is distinguished as the Wood, or Xylem, or as the 
" vascular part," and also by the name " Hadrome." On practical 
grounds we prefer the older name of Wood, or Xylem. These 
terms do not, therefore, involve, as we at once see in this first 
example, the presence of the strongly-thickened elements on which 
the common idea of wood is founded. The never-failing element 
of the wood portion of the fibro-vasal bundle is the vessel, and, 
therefore, the morphological term formed according to this is the^ 
most rational. The selection of the term "Wood," however, simpli- 
fies the terminology, and permits the primary park of the bundle, 
and the secondary growth which we shall hereafter describe, to 
have corresponding names given to them. For our earliest 
(descriptions, therefore, we must give the preference to this older 
terminology, in accordance with which many terms still in use 
have been constructed. In the example studied above we have 
found, therefore, in the wood portion (the Xylem) of the fibro- 
vasal bundle, the primary wood, the Protozylem, composed of 
primary wood-parenchyma and of vessels. In opposition to the 
wood portion, we must choose for the second part of the fibro- 
vasal bundle the term Bast, or Phloem, against which names we 
must raise the same objections as to the term wood. In the above 
example we have similarly a bast portion without the presence of 
what is usually spoken of as bast. As the sieve-tubes of the bast 
are never wanting, morphologically the most rational term for it 
is Sieve porHon.^ In contradistinction to Hadrome, the bast por- 
tion is also, on physiological grounds, distinguished as Leptome. 
Wood and bast together constitute the Fibro-vasal bundle. As 
here the wood is in unilateral contact with the bast, these bundles 
are distinguished, in structure, as Collateral. If we wish to include 
the sheath, which mostly appertains to the ground-tissue, in one 
technical term with the fibro-vasal bundle, we speak of the whole 
as the Fibro-vasal gtring.* The physiological considerations 
which occasion a separation of the fibro-vasal bundle into Had- 
rome and Leptome, have led to the choice of the term Mestome 
for the entire bundle.* 

The bast portion of the fibro-vasal bundle which we have under 

* This is in all respects a preferable term to the more common one, Fibro- 
vasal bmidle. [Ed.] 
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observation takes on, with chlorzinc iodine a distinct violet colo- 
ration: it consists of unlignified elements. Cells with, broader, 
and those with narrower openings appear in regular order. The 
first are, Sieve-tubes (v) , the latter (s) are the companion-cells* ISTot 
infrequently the section cuts the cross-wall of a sieve-tube, and this 
cross- wall appears finely pxmctate, after the fashion of a sieve, 
(compare the figure). At the periphery of these elements are 
always to be seen a number of cells with strongly swollen walls, 
and cavities almost obliterated (pr) ; these are the sieve-tubes and 
companion-cells which were first formed, but now have their func- 
tion suspended ; they correspond with the first developed elements 
of the wood, and in contradistinction with it are distinguished as 
the primary bast, or ProtophloSm. With chlorzinc iodine they 
usually take on a brownish coloration. These cells are bounded 
by the cells of the sheath, and the innermost of these always are 
marked by the special width of their cavities. The sclerenohyma 
cells of the sheath pass over, by means of some intermediate 
members, into the large-celled parenchymatous ground tis8ue(/). 
The walls of these large cells of the ground tissue are also, in fully- 
developed stems, coloured yellow by the chlorzinc iodine, only here 
and there with a dash of violet. [Passing still^nearer to the periphery 
of the stem, we notice that the fibro- vasal bundles are here pressed 
more closely together, that the intercellular passage disappears 
from them first of all; in some cases the elements, particularly 
those of the bast, are reduced, while in all the sheath augments in 
strength. We notice, even in the inner bundles, that the elements 
of the sheath are especially thickened and lignified on the inner and 
outer edges of the bundle. At the sides we see the more strongly 
thickened and lignified elements only at the sides of the two great 
vessels. The weaker development of the sheath at the sides of the 
bast and of the inner portion of the wood facilitates the passage 
of nutrient fluids between the fibro-vasal bundle and the large- 
celled ground-tissue. In the fibro-vasal bundles lying more exter- 
nally, with more strongly developed sheaths, the communication 
is maintained on both sides of the bast. Lastly, on the most exter- 
nal bundles, with greatly reduced bast, almost sunk between the 
vessels of the wood, the sheath is proportionally weakened on the 
outer side of the bast. The communication between the bxmdles 
and their environs is provided for in this way in Zea (the Maize), 
and similarly in other cases. Lateral union (anastomosis) of small 
bundles with large ones is commonly to be seen in the periphery 
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of the stem, and the reciprocal meeting always takes place laterally 
at the places where the great vessels lie. Close in npon the epider- 
mis of the stem, is a more or less strongly developed ring of tissue, 
the elements constituting which appear just like those of the 
bundle-sheath, and also react clearly with chlorzinc iodine. Such 
a distinct sheath of tissue bounding the epidermis is distinguished 
under the name Hypoderma. This hypoderma is interrupted 
only under the spots where lie the stomata. The hypoderma and 
the sheath of the fibro-vasal bundle have alike to provide for 
the protection of the thin-walled tissue and for the stability of 
the entire part of the plant, and are included amongst the ele- 
ments of the mechanical system,* as SterelEdes, while the tissue 
which they constitute forms the system of mechanical tissue, the 
Stereome. In proportion as the stem must be constructed secure 
against flexion, so must the mechanical appliance, the stereome, 
be removed as far as possible towards the periphery. The crowded 
peripheral fibro- vasal bundles, provided alike on the side of the 
bast and the wood with a strong cover of sclerenchyma, repre- 
sent here a system of complex upright girders. The sheaths 
of sclerenchyma are the ties, the fibro-vasal bundles themselves 
are the " filling." The hypodermal hollow cylinder of sclerenchyma 
strengthens this action, even when, as in this case, not strongly 
developed. This hollow cylinder is mechanically to be considered 
as a combination of numerous "ties," arranged in a circle.* 

* I have felt unable to give a satisfactory translation of the above passage in 
the text. I propose therefore briefly farther to endeavour to illustrate it. Two 
sets of phenomena have to be mech^cally provided for, the one affecting the 
stem as a whole, the other its separalPfibro-vasal bundles. First, as to the stem 
as a whole. It has considerable weight to bear, its own and that of its leaves. 
It must therefore be mechanically constructed to resist crashing. It has to bear 
often considerable lateral strains, from winds. It therefore must also be con- 
structed to resist flexion.- ' In both these respects it can be compared with a pier 
of a bridge, especially a cyhndrical iron pier of a lofty railway bridge. To resist 
flexion this is made hollow, so as to throw all the strength to the outside ; and, to 
aid in resisting crashing, it may be filled with concrete. Secondly, as to the indi- 
vidual fibro-vasal bundles. The sclerenchyma layers will help in the above pur- 
pose ; but the bundles, being on the one hand water, and on the other hand food 
conduits, must be protected mainly from the lateral strains which would tend to 
crush their elements, make them " collapse," and so cease to functionate. This 
protection is the main duty of the sheath of sclerenchyma* Its being thickened 
most on the inner and outer side of the bundles, and taking thus the form largely 
of two arches concave to each other, makes its structure the most advantageous 
for its purpose, since the main strains in such a cylindrical stem are radial. 
To this we may add one more factor : the coarse of each of the fibro-vasal 
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Very instructive is it to lay some cross-sections in a solution 
of soda-corallin. All the lignified elements of the fibro-vasal 
bundle, and of the ground-tissue, stain in a short time a brilliant 
coral-red, the non-lignified elements rose-coloured. In the section 
thus treated, the sclerenchyma cells of the sheath, especially at 
the inner and outer edges of the bundle, stand out conspicuously, 
and the walls of the vessels are coloured similarly to the sheath, 
but somewhat more brownish. The hypodermal ring colours the 
same as the bundle-sheath. 

It is worth while now to make a radial longitudinal section 
through the stem. [To obtain this, take a piece of the stem about 
:f or -J^ inch long, cut it in two longitudinally through the middle, 
and take the sections from the cut surface of either half.] Do not 
be satisfied nyj^^ a single section, as otherwise the chance of obtain- 
ing in the jpreparation a fibro-vasal bundle cut actually median is 
too slight. Such a median-cut fibro-vasal bundle can be recognised 
on examination of the section, in that it shows at the same time 
the bast portion and the annular vessel projecting into the inter- 
cellular passage. If the longitudinal section is laid in chlorzinc 
iodine we can at once readily make out a violet coloration of the 
bast portion, and the thin- walled cells surrounding the intercellular 
passage have also a violet colour. The other elements, as we have 
seen in the cross-section, are distinctly coloured yellow to yellowish- 
brown. For the rest, we prefer to select, for further study, a section 
which we hkve pre viously stained with soda-corallin (Fig. 41) . Here 
also it is desirable first of all to determine in which direction lies the 
surface of the stem. As in the cross-section, we pass in our examina- 
tion from the inner towards the outer side of the bxmdle. We then 
see that to the broad cells of the ground-tissue, in outline well-nigh 
square, succeed narrower ground- tissue cells, and after these follow 
the narrow cells of the fibro-vasal bundle-sheath (yg). These last 
elements, deeply stained with corallin, show marked elongation, join 
one another with horizontal or more or less inclined end- walls, and 
are provided with small, cleft-like, obliquely ascending pits. In their 

bandies from its lower to its upper extremity is nsnally not straight, but in the 
form of an elongated aroh, the conoavity outwards, they thus become akin to 
" struts.** If they anastomose, or join together, as they do most beautifully in 
some cases, the mechanical analogy is still more complete, since they then re- 
semble the network of connecting girders with which all observers of iron bridges 
are familiar. I select iron bridges for this illustration, for in them, as in nature, 
the smallest amount of material is made to go the greatest possible way. [Ed.] 
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interior is to be found a peripheral layer of protoplasm of rery 're- 
duced dimensions, and in each a small nucleus. We have here to 
do with elongated sclerenohyma cells. To the cells of the sheath 
succeeds the intercellular passage, and we can determine that 
it follows without interruption the whole length of the bundle. 
[Thin sections are often entirely broken into two parts by this 
passage.] It is surrounded by thin- walled cells, which are far 
shorter than those of the sheath, have more cell-contents, end in hori- 
zontal walls, and can be described as primary wood-parenchyma. 



Fig. 41.— Longitudinal radial section throngh a fibro-yasal bondle in the stem of Zea 
Mai9, a and a', segments of an annular vessel; ap, spiral vessel; v, sieve-tube; s, com- 
panion-cells ; pr, protophlo($m ; I, air passage (intercellular passage) ; vg, sheath (x 180). 


Into the intercellular passage project usually isolated ring^; they 
are attached to the outer side of the intercellular passage, i,e, to 
that side nearest the periphery of the stem. They arise from an 
annular vessel torn during the elongation of the intemode. Other 
smaller isolated rings may also often be seen clinging to this or 
the other side of the intercellular passage (a). Collectively they 
represent the remnants of the elements of the protoxylem. Im- 
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pinging on the larger rings outwardly are one or several broader 
or narrower spiral vessels. In the case represented in Fig. 41, 
only one snch was present, and that a pretty narrow one (sp). 
Further succeed comparatively short primary wood-parenchyma 
cells, with pitted and partially reticulately thickened walls. These 
cells are somewhat more strongly thickened than are those by the 
intercellular passage. Thus we arrive at the bast portion, recog- 
nisable in the corallin preparation by some thick rose-red coloured 
cross- walls, the sieve-plates of the sieve- tubes (v). These sieve- 
plates are highly refractive ; and stronger magnification shows that 
they are pierced by fine pores, after the fashion of a sieve, and that 
on one side, seldom on both, is collected a highly refractive plug 
of " slime." In the periphery of the bast (at j?r), where in the 
cross-section were visible the swollen cell- walls of the protophloem 
elements, a specially beautifully-coloured cross-plate shows up. 
This is a sieve-plate covered with Callus, the structure of which 
we shall further study hereafter on other more favourable ob- 
jects. The callus-plate extracts the corallin with special avidity, 
and therefore stands out so sharply stained.^ By the side of the 
sieve-tubes can be distinguished the companion-cells. They are 
narrower and shorter than the sieve-tubes, and have besides other 
richer contents, and a readily visible nucleus, for which we look 
in vain in the sieve-tubes. Cells of the sheath again bound the 
fibro- vasal bundle. Their end walls are here in part so strongly 
inclined that we can speak of them as sclerenchyma-fibres. The 
innermost cells of the sheath have, as the cross-section has already 
shown, a comparatively broad cavity. Starch grains are not 
found in the fibro-vasal bundle ; here, however, they are wanting in 
the cells of the ground tissue also. All the cells of the fibro-vasal 
bundle and of the ground tissue, with the exception of the cells form- 
ing the vessels, and of the sieve-tubes, contain nuclei. — It is clear 
that such a median longitudinal section of the bundle as is de- 
scribed above can show neither of the two great vessels. [If the 
section be not exactly median, or not quite thin,] such may show 
by deeper focussing, but it is then however very indistinct. In 
order to study the longitudinal section of one of the great vessels, 
we must look for a section which cuts the fibro-vasal bundle later- 
ally. We shall then see that the great vessel is obliquely pitted, 
and more seldom spirally thickened. In these pitted ducts the thick- 
ened parts form a network. The pits broaden out at their bottom, 
but are however* only unilaterally " bordered," in that the corre- 
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sponding pit of the adjoining cell of iihe wood-parencHjma is want- 
ing in a " border." These cells, too, are far less thickened than 
the vessels. The diaphragms, or cross-walls, of the great dncts 
quickly attract attention in the longitudinal section. They show 
a doubly formed ring, which besides only projects a slight distance 
into the cavity of the duct. These rings originated in a thicken- 
ing of the outer edges of the cross- walls, the inner unthickened 
part of which was afterwards dissolved (resorbed). From the 
number of the diaphragms we can therefore draw a conclusion 
about the number and size of the cells of which the duct is 
composed. Corresponding with the diaphragms, the vessel shows 
slight constrictions on its outer side. 

It may be of interest to put up some well-chosen cross- and 
longitudinal sections of the fibro-vasal bundle as. permanent 
preparations. The colours obtained by means of chlorzinc iodine 
and corallin are not permanent in such preparations ; but lasting 
colours can be given by means of saffranin or iodine-green. 
Very instructive double staining can be effected if the section is 
first placed for a short time in iodine-green, and then somewhat 
longer in Qrenacher's [alum-carmine ^ or for a similar time in 
Hoyer's ammonio-acetic carmine; instantaneous double staining 
can be obtained by means of picric-nigrosine, or picric-aniline- 
blue. In this way the alum-carmine, the ammonio-acetic car- 
mine, the nigrosine and aniline-blue, respectively stain the un- 
lignified, the iodine and the picric acid the lignified tissues in the 
preparation. The cell-contents take the colour of the carmine, 
the nigrosine, or aniline-blue respectively. The preparation can 
be put up in glycerine jelly or in glycerine. In the latter case, 
the edge of the cover-glass must be hermetically closed. For this 
purpose we remove with blotting-paper any glycerine that may 
have flowed from under the edge of the cover-glass, and surround 
this edge with a solution of Canada-balsam * in turpentine, 
benzole, or chloroform, made as thick as syrup. The operation is 
best performed by means of a glass rod, about the thickness of 
a thick match, from which the superfluous Canada-balsam is first 
allowed to run. Gold-size is not suited for closing glycerine pre- 
parations, as it will not cling to a glass surface moistened with 

• Of these the solution in turpentine is best, as it does not become brittle 
when dry ; otherwise a jerk may make the cover-glass spring. The solution 
can be kept in a bottle with a bell-shaped external ground cap, to keep out 
the air. [Ed. J 
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glycerine. It is however liighly desirable to cover the Canada- 
balsam witb gold-size after it has become quite firm. For tbis 
purpose it is best not to nse the gold-size too thickly, but to put 
on a second layer. In this operation a fine camel-hair pencil should 
be used. 

Instead of the. stem of Zea Mais, in case this plant is not at our 
disposal, can be taken, with very similar results, the stem of Arena 
sativa (the Oat), or that of some other grass. 

^N-ow take cross and longitudinal sections of a fully-developed 
leaf of Iris florentina preserved in alcohol. Here also the prefer- 
ence is given to alcohol material, because it is more easy to obtain 
good sections, it contains no air, and besides that, the cell-contents 
are fixed, so that we can more readily obtain information about 
them. The section-cutting will be facilitated if the material is 
previously laid in a mixture of alcohol and glycerine. Lay the 
sections for some hours in borax-carmine, and treat them after- 
wards* for a short time with iodine-green. The cell-contents have 
taken up carmine, which in the form of borax-carmine does not 
stain the cell- walls ; on the other hand, the lignified walls are 
stained green with iodine-green. The vessels appear stained the 
least, and usually also the outer elements of the sheath, i.e, those 
impinging on the bast of the bundle. Besides this, a group of 
elements with swollen' walls, the protophloem, stand out in the 
outer region of the bast by their blue coloration. "We will there- 
fore commence with the study of such a preparation, from which 
the Fig. 42 is constructed. In this figure all the cells which are 
especially rich in contents, and therefore are conspicuous from their 
red coloration, have their interior shaded. The green-coloured 
walls of the vessels are, on the other hand, represented darker in 
the figure, while the group of protophloem elements coloured blue 
are left clear. The thickened elements of the ground-tissue 
bounding the bast, when the section is taken through the base of 
the leaf, are yet unlignified, and therefore remain unstained. To 
rapidly stain a section, it can be treated with iodine-green alone ; 
the staining of the cell-contents red as here described is then absent. 
If the iodine-green should stain only the lignified cell-walls, the 
exact time for staining must be carefully watched. We proceed 
in the examination from the wood towards the bast, and therefore 
from the upper surface of the leaf, turned to the interior, towards 
the lower surface, turned outwardly. "We first determine that the 
number of vessels in the wood is pretty considerable, and that 
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their width diminislies towards the bast. The vessels directly 
impinge upon one another, or else are separated by the slightly 
thickened comparatively narrow cells, with abundant cell-contents, 
of the primary wood-parenchvma. Similar ceUs also surround 

the vessels on the 
V X r flanks of the bun- 

dle, and separate 
them from the 
ground-tissue. At 
the inner margin 
of the wood are 
always to be seen 
some crushed 
elements, proto- 
xylem elements 
(»s), whose walls 
are stained like 
those of the ves- 
sels. The bast 
shows again an 
alternation of 
larger and 
smaller cells; 
the contrast is 
here however not 
so striking, nor is 
the regularity so 
great, as in Zea, 
The cells with 
broader cavities 
are the sieve- 
tubes, the smaller 
ones, marked out 
by their abundant 
cell-contents, the 
companion - cells. 
In the outer re- 
gion of the bast 
lie the crushed 



Fig. 42.— Cross.section of a flbro-vaaal bundle from the leaf "of 
Jrt8 fiorentina. With dark contour are the vessels ; the cells of 
the bundle which are rich in contents are shaded. ««, crashed 
spiral veseels; «p, broader spiral vessels; «c, scalariform 
vessels ; v, sieve-tnbes between which are the narrow com- 
panion-cells ; pr, crashed protophlogm elements; vg, sheath 
with wavy radial walla ; k, section through a crystal ( x 240). 


protophloem elements (pr),* to which we have already referred, 
whose function is lost, and which are provided with swollen walls 
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more or less deeply stained blue. This outer bast portion is 
enclosed by the strongly thickened sclerenchyma of the sheath, 
which supports the fibro-yasal bundle with a more or less power- 
ful string. Around the remainder of the fibro-vasal bundle a 
clearly marked sheath is wanting ; yet it can be determined that 
the cells of the ground-tissue nearest to the fibro-vasal bundle are 
smaller, and that they join together without a break. At the 
flanks of the bundle these small cells are represented by but a 
single layer, at the inner boundary of the vascular part, on the 
contrary, by several layers ; here also the walls of some of these 
cells are well stained blue. The transition to the larger cells of 
the ground-tissue, which have intercellular spaces filled with air 
bfetwBen them, takes place by intermediate forms. 

By a scrutiny of the tissue in the neighbourhood of the fibro- 
vasal bundle it will be seen that single small cells, between the 
large cells of the ground- tissue, contain a highly refractive crystal 
(Fig. 42 h). It offers itself to us either in cross-section, or in 
end view; as to its form in longitudinal section we can readily 
inform ourselves. 

Good staining can also be rapidly obtained with corallin, by 
which the lignified sclerenchymatous elements are stained a fiery 
red, or if as yet only slightly thickened, and not lignified, a bright 
red, the walls of the vessels brownish red, and the remaining 
elements a pale yellowish red. 

In order to control the results hitherto obtained, take some 
cross-sections also from a fresh leaf. We then determine that the 
large cells of the ground-tissue in the outer parts of the leaf con- 
tain chlorophyll-grains, while the cells included in the fibro-vasal 
bundle sheath are however wanting in chlorophyll. In fresh 
preparations the vessels are filled with air, whence the structures 
are less clear than in alcohol material. 

A longitudinal section through the leaf, cutting through the middle 
of a bundle, shows us at the inner limits of this bundle the strongly 
extended, partly crushed spiral vessels, which we already saw in 
cross-section at ss, and distinguished as elements of the protoxylem, 
i.e. as the first-developed elements of the wood portion of the 
bundle. Following are broader more closely wound spiral vessels, 
and then again scalariform vessels with narrow cavity. In the 
bast the sieve-plates show clearly only in corallin preparations. 
Further outwards the sclerenchyma fibres are recognised by their 
strong thickening, their notable length, and pointed ends. 
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As the crystals are directed parallel to the long axis of the leaf, 
they show in profile in« longitudinal sections (Fig. 43, A, D). 

They lie in elon- 
gated cells of the 
ground-tissne, 
which are only a 
little larger than 
the crystals them- 
selves. These 
cells contain no 
chlorophyll, while 
the neighbonring 
cells usually con- 
tain chlorophyll. 
The crystals in 
question dissolve 

, readily in hydro- 

i e\ f!?H^"'"'^J''^- ^?' ^*T? ^^r chloric acidwith- 

'A 'J tratang occurring forms of crystals. Ba, ^"*^* ^ 

"^ Bb, and D, seen in optical longitudinal OUt evolution of 

1 J section. C, projection, showing its planes „_ «,l,p„p<^ wp 

of symmetry. S^y wnence we 

readily conclude 
that they consist of oxalate of lime. All the crystals occurring here 
have an elongated prismatic form, and belong to the monoclinic 
system ; most of them appear geminate (twin crystals), (D). 

The contents of the crystallogenous cells are not stained with 
corallin. 

The fibro-vasal bundles of the Monocotyledons, if we exclude 
immaterial modifications, reductions, and combinations, are con- 
structed upon the type of the two cases we have thus investigated, 
and we can therefore abstain from further study of these bundles. 

Closed fibro-vasal bundles are not capable of increase in thick- 
ness, and therefore where such occurs in the Monocotyledons, it 
cannot be brought about through the medium of the fibro-vasal 
bundles. This increase of thickness results from the action of 
of a Cambium-ring which is found outside the fibro-vasal bundles, 
and is confined to the families of DracaenesB and AloinesB [i.e., 
the so-called " Arborescent LiliacesB "] and the Dioscoreee. 

For this purpose we select as a favourable object of study the 
plant so commonly cultivated in gardens and nurseries as Dra- 
ccBna rubra (more properly, GordyUne rubra). The plant must 
be sacrificed for the purpose of the investigation. Examine 
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first witH the naked eye the stem cut across, we shall notice in- 
side the brown cork-layer the green soft cortex, somewhere 
about ^ inch thick, towards which the yellowish hard tissne 
of the stem is limited by less sharply-defined bonnds. At this 
boundary lies the cambium ring. In the yellowish tissue of the 
stem it is moreover 
distinguished from the 
cylindrical centre by 
its lighter coloration. 

We now submit a 
cross-section to micro- 
scopical examination, 
and first with weak 
magnification (Fig. 44). 
"We then see, first, in 
the central portion of 
the stem, a ground- 
tissue composed of 
rounded cells (m), in 
which are irregularly 
scattered isolated cir- 
cular or elliptic fibro- 
vasal bundles. Out- 
ward from a definite 
position (the inner /') 
the bundles are more 
numerous, elongated in 
radial direction, and 
press so closely to- 
gether that they appear 
separated only by com- 
paratively thin streaks 
of ground-tissue. In 
these latter the cells 
are more strongly 
thickened, coarsely 
pitted, more or less 
elongated in the direc- 



Fio. 44. — Draccma {Cordylvne) rubra. Cross-seotion 
through the stem. /, fibro-vasal bundles, /' being 
primary, /" secondary, and /'" leaf-bnndles ; m, un- 
lignified elements of the gronnd tissue; s, lignifled 
elements of the ground tissue, sheathing the fibro-vaeal 
bundles; t, traohtides; e, cambium ring; er, cortex; 
I, cork; ph, cork-cambium; r, bundles of raphides 
(x80). 


tion of the radius, and clearly arranged in radial rows with 
often wavy course. Further on, we come to the boundary between 
the yellowish inner tissue and the green cortex (c). We find 

H 
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here a zone composed of flattened thin-walled cells, strictly 
arranged in radial rows. It is the Cambium-ring, which provides 
for the increase in thickness of the stem. It belongs apparently 
to the gronnd-tissue. Its most flattened cells lie in the middle 
of its cross-section. In it is found the real initial layer, it may 
be only a single layer of cells, the cells of which, in conrse of 
constant division, produce on their inner side new elements. 
These divisions result from the formation of tangential walls, 
and produce therefore radially arranged cell-rows, which from 
time to time are made double by the formation of radially 
directed walls. Embedded in the growing tissue resulting from 
this cambium-ring are numerous fibro-vasal bundles in all stages 
of development. The youngest consist of a .group of thin-walled 
cells, the oldest are already perfect at their inner portion, while 
the thin- walled outer portion [i.e., the portion towards the. 
periphery] are still immersed in the cambium-ring and in course 
of development. From the position where the fibro-vasal bundles 
appear crowded together, and the cells lying between them have 
acquired a radial arrangement, the tissue is Secondary, produced 
by the activity of the cambium-ring. The Cortex (cr), succeeding 
outwardly to the cambium-ring, consists of rounded cells. 
Between these, especially in the inner part of tiie cortex, occur 
single cells, in which lie fine needle-like crystals, in each cell 
closely packed together into a bundle (r). These are the bundles 
of so-called Baphides, consisting of oxalate of lime. They are 
here seen in end view. Individual raphides-containing cells are 
sure to be opened by the razor in cutting, and the ^e needles 
will therefore be found lying scattered over the section. The 
first of the cortical cells contain chlorophyll-grains. In the 
cortex are also visible single round cross-sections of bundles (f ") 
which are passing outwards into the leaves. There succeeds a 
thick layer of thin- walled, colourless cells, arranged radially (I), 
which on its outer side passes over into a brown, less regular, 
tissue. This is the Cork-layer, consisting of growing colourless 
cork-tissue in its more internal, but of old irregularly elongated 
and discoloured cork-tissue in its outer parts. 

Especially instructive are cross-sections treated with corallin. 
The fibro-vasal bundles are thereby sharply defined. The corallin 
also always colours deeply the lignified cells of the secondary 
ground-tissue, but of another shade. The unlignified cell-walls 
appear pale rose-coloured. In the cortex, the cells containing 
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raphides appear now filled with clear coral-red to orange-coloured 
contents. We easily determine, by the aid of this coloration, that 
the raphides lie embedded in a homogeneous Slime [or Mucilage], 
which accumulates the corallin. Besides the power, which it 
shares with aniline-blue, of colouring the Callus of the sieve- 
plates, corallin has the specific property of staining Vegetable Slime 
[or Mucilage]. If we lay the longitudinal section of Draocena, 
stained with corallin, in alcohol, and, moreover, allow this last to 
boil, the slime remains none the less stained. From this we can 
conclude that, as far as knowledge goes, it consists of a Starch- 
slime, while the slime the result of the degradation of cellulose 
is decolorized sometimes even in cold, but at any rate in boiling 
alcohol .7 Gums are not stained by corallin ; mixtures of slime and 
gum (Gum-slime), according to the proportions. On the other 
• side, we can determine that watery solution of nigrosine does not 
stain the slime here present, even after long-continued action ; 
while it stains the slime of Bumex (see page 79). 

With this insight into the cross- section, which indeed suffices to 
give us information on the phenomena of increase' in thickness, 
we will be content, and in this case abstain from the study of 
the further peculiarities, as also of the longitudinal section of the 
stem. 


BEMABKS ON CHAPTER VIII. 

^ On the fibro-vasal bundle compare, above all, De Bary, Comparative Anatomy 
(Eng. trans. 1884), efipecially in chapter viii., where will be found the entire 
older literature. Numerous more recent researches into the morphology of the 
fibro-vasal bundle have not since then received collective treatment. This has, 
on the other hand, been done, as far as the anatomo-physiological works are 
concerned, by G. Haberlandt, *in Eneyklopadie der Naturwissemehaften, — 
Hdndbuch der Botanik, Bd. 11. p. 593. 

' The terms vascular-part (Gefasstheil), and sieve-part (Siebtheil), introduced 
by De Bary, Comp. Aruit. chap. viii. [In the English translation of this work 
the terms are replaced by " xylem " and ** phloem '* respectively.] 

^ Compare Haberlandt, Die Entwieklungsgesehiclite des mech, Gewehesystems 
der Pfianzen (The Development of the Mechanical System of Plants). 

* Schwendener, Das mechan, Princip, im anat, Bau der Monocotylen (The 
Mechanical Principle in the Anatomical Structure of Monocotyledons). 

^ This staining-fluid introduced by Szyszylowicz. Compare Bot. Centralb, 
Bd. XII. p. 138. 

• Compare Tangl, Jahrh.fur wist, Botanik, Bd. XII. p. 170. 
7 Compare Szyszylowicz, as above. 
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CHAPTER IX. 
OPEN COLLATERAL FIBBCVASAL BUNDLES. 

Material Wanted. 

Bunners of the Creeping Buttercup (fianunculus refena). Fresh, 

or in alcohoL 
Stems of the Celandine {GheUdonium maju8). In alcohol. 
Stems of ArUtolochia 8ipho, | to ^, and f inch thick. In alcohol. 

As a first example for the study of open collateral fibro-vasal 
bandies, as thej are peculiar to the Dicotyledons, we select the 
creeping stems (runners) of Bantmculus repens (the creeping 
Buttercup) . We stain the sections with corallin, in order to facili- 
tate the task. The cross-section shows that the fibro-vasal bundles 
are completely isolated from one another^ but arranged in a single 
circle in the stem. The ground-tissue consists of rounded cells, 
which become smaller towards the periphery of the stem, contain 
chlorophyll-grains, and have between them large intercellular 
spaces. The epidermis forms the surface of the stems ; in the 
interior, through the stretching apart and destruction of the cells, 
the stem is hollow. The fibro-vasal bundles give throughout the 
same impression as those of the Monocotyledons ; the same parts 
are recognisable in the same order. The vessels nearest to the 
inner side of the bundle have not taken up much stain ; they are 
annular and spiral vessels (Fig. 45 »). The more remote larger 
vessels, in part, however, of the same or even smaller size, have 
stained brown-red. Thfeir outline is somewhat angular ; even the 
cross-section betrays that their walls have bordered pits (m). 
Between these vessels lies the thin- walled primary wood-paren- 
chyma. In the bast is again very visible the alternation of larger 
sieve-tubes (v) and smaller companion-cells. The bast is, however, 
separated from the wood by a multilamellar layer of cells arranged 
radially. These cells have arisen from the activity of a cambium 
(c), and betray this by their radial arrangement. A cambium- 
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layer, separating the wood from tlie bast, is met with here as a 
novelty, as a distinction from Monocotyledons. To be sure, the 
activity of this cambium is extremely limited; still the layer serves 
to give to the 
bundles a place 
amongst the 
^* open " bun- 
dles, i.e, those 
capable of fur- 
ther develop, 
ment. The 
cambium has 
here formed 
only a multi- 
lamellar layer 
of thin-walled 
cells, and with 
this has ceased 
activity. Out- 
wardly, the bast 
is protected by 
a string of 
sclerenchyma- 
tous elements, 
which have 
stained a beau- 
tiful coral -red. 
The inner 
boundary of the 

bundle is also surrounded by similar, but less strongly thickened 
elements of the sheath. At the flanks of the fibro- vasal bundle, 
the elements of the sheath do not close together ; a gap remains, 
which points out the limit between wood and bast. In the longi- 
tudinal section we can readily determine the presence of annu- 
lar, spiral, and pitted vessels [pitted ducts], and between them 
elongated cells of the primary wood-parenchyma ; then follow thin- 
walled cambium-cells, sieve-tubes, and companion-cells ; finally, 
elements of the sheath, which end on to one another with slightly 
oblique, porous, cross- walls. 

The fibro-vasal bundle of Ghelidonium majus is so similar to 
that of Ranunculus repens, that the cross-section can be understood 



Fig. 4p5.— Cross-section through a flhro-yaBal bundle from the 
runner of Banwneulus repens, s, gpiral vesBels ; m, yessel with 
bordered pits ; e, cambium; v, sieve-tubes; vg, sheath (x 180). 
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withont further reference. Here, however, we prefer alcohol 
material. The wood shows lar^e yessels, closely crowded together, 
which, in the older parts of the stem, have yellowish walls. The 
bast is strongly developed ; between the two lie the thin- walled 
radial rows of cells developed during'* the brief activity of the 
cambium. The sheath is only represented by a bundle of strongly- 
thickened sclerenchyma cells at the outer edge of the bast. In 
older parts of the stem these cells likewise assume a yellow colour. 
Separated from the epidermis by about two layers of cells is a 
strongly-formed ring, composed of the same kind of sclerenchyma- 
cells as protect and support the bundle, and serving as a common 
sheath around the inner tissue of the stem. In and near the 
bundle, however, we meet, for the first time, a new element — the 
milk-tubes [latex-tabes, laticiferons-cells]. In the bast portion of 
the fibro- vasal bundles, and also near the inner limits of the wood, 
but especially numerous at the flanks and near the outer edge of 
the string of sclerenchyma^ and single examples also in the remoter 
ground-tissue between the fibro- vasal bundles, we notice cells with 
dark-brown contents. These contents consist of the orange-red 
latex of Ghelidoniwm, coagulated in alcohol. The cells in question 
are so striking that it is impossible to overlook them. They are 
all thin-walled, even those which are inserted within the outer 
edge of the string of sclerenchyma; they are not even distinguished 
by any special form. The latex-tubes can be found very easily 
also in radial longitudinal sections.* They are recognised at once 
by their yellowish-brown contents. They present the appearance 
here of long tubes running thereabouts parallel to the long axis of 
the stem. Without difficulty the existence of cross- walls in these 
tubes can be determined. These cross- walls are more or less 
clearly pierced in their centres by one or more pores ; they are 
entirely wanting, also, here and there, where we should expect to 
find them. In not exactly rare cases, one or another of the vessels 
in the fibro-vasal bundle shows itself to be full of coagulated 
latex. Exceedingly instructive preparations of cross-sections can 
be obtained, alike for fibro-vasal bundle and latex-tubes, if the 
sections are stained with corallin, and then a drop of potash run 

* To obtain radial longitudinal sections, take a piece of the stem about J inch 
long, cut it in half down the middle, and take sections from the cut surface. 
If the half-stem is too thin to hold readily, stick the point of a needle (in a 
holder) through it from side to side, and parallel with the cut surface ; then, 
laying the needle flat on the left-hand index-flnger, out the sections. [£d.] 
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under the edge of the cover-glass. The vessels now appear foxy- 
red coloured, the elements of the sclerenchyma rose-red, tr hile the 
cross-sections of the latex-tubes stand out sharply with their 
dark-brown contents. If delicate longitudinal sections are laid in 
45 per cent, acetic carmine, we may succeed in identifying nuclei 
in the latex- vessels ; this demonstratioa is not, however, the 
easiest possible task. 
Lateral communica- 
tions of the latex-tubes 
cannot be observed in 
Chelidonium, 

[Anastomosing latex- 
vessels (laticiferoits 
vessels) can, however, 
be found in the Poppies 
(Papaveracece), the 
Bellworts {Gampanu- 
lacece), and in the ligu- 
lifloral section of the 
Composites {Gickoria- 
cece), as, e.g, in the- 
Dandelion. Of these 
we can select as an 
example, the garden 
Scorzonera (8. hispan^ 
tea), not infrequently 
grown in kitchen-gar- 
dens for its parsnip-like 
roots. Tangential sec- 
tions, taken from the 
external part of the 
root, a short distance 
below the exterior, if 
treated as described 
above, will show in 
the bast portion of the 
fibro-vasal bundles an 
extensive network of 
latex- vessels filled with 
their very granular contents, shown in Fig. 45*.] 

An extraordinarily favourable object for the study of the 



LFio. 46*. — ^Latez TOSBels in the bast of Seononera 
hispanicat tangential section. B, a portion of A, moie 
highly magnified. (After Sachs.)] 
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growth in thickness of the dicotyledons is Aristolochia Sipho [a 
hardy deciduons climbing plant not infrequently cnltivated in 
England], and material for the investigation of which will there- 
fore be probably not difficult to obtain. Take first a cross-section 
through a twig about y or ^ inch in thickness. This section shows 
with a lens an internal spongy pith, ardund this a belt of isolated 
fibro-yasal bundles, round this further a continuous white ring, 
then green cortical tissue, and finally a yellowish -green peripheral 
rind. By weak magnification with a low power under the micro- 
scope we can determine that the pith consists of round, large 
cells, in part filled with air. In the fibro- vasal bundle the wood 
appears darker, pierced with holes which are the vessels; then 

follows the cambium zone, com- 
posed of narrow, radially ar- 
ranged clear cells, and then the 
large-celled bast, which appears 
somewhat clear, and not with 
the regular arrangement shown 
by the cambium zone. Each 
bundle is bordered, especially 
in its outer part, by a paren- 
chymatous tissue, containing 
chlorophyll-grains to some ex- 
tent, perhaps also reserve food 
materials. The white ring, 
succeeding outwardly to these, 
is composed of strongly thick- 
ened sclerenchyma-cells ; be- 
tween the fibro- vasal bundles it 
projects inwards in a somewhat 
wedge-like fashion. Imping- 
ing on the ring towards the 
exterior is a tissue containing chlorophyll, the innermost layer 
of which, bounding upon the sclerenchyma ring, is marked by 
its richness in starch, and belongs to the category of so-called 
"starch-sheaths." After treatment with iodine this starch sheath 
stands out very clearly. There follows a tissue, likewise chlorophyll- 
containing and with narrow cavities, with glistening cell- walls, 
more strongly thickened in the comers, in which, by this, last 
peculiarity, we recognise collenchyma. [Compare Fig. 45**, show- 
ing coUenchyma-cells from the leaf -stalk of a BegoniaJ] Outside 



[Fig. 46**. — From a transverse section of 
a leaf-stalk of a Begonia, showing the col- 
lenchyma cells, el, nnderlying the epider- 
mis, 9 ; the collenchyma cells contain a few 
chlorophyll-grains, eU; p is an internal 
parenchyma cell ; o, the cuticle. These col- 
lenchyma thickenings are capable of greatly 
swelling. (After Sachs, x 660.)] 
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all is found the epidermis. This general information will 
suffice, and we will now turn to the study of a single bundle. 
This can only be on very thin sections. Such we prepare with 
care from the alcohol material, which, in order to be able to cut it 
better, we have previously placed for some time in a mixture of 
half alcohol and half glycerine. These sections also are stained 
by a longer action of corallin. The figure of a fibro- vasal bundle 
in course of development from a twig of the current year, placed 
in alcohol about the beginning of June, appears as in Fig. 46. 
The fibro- vasal bundle begins at its inner margin with thin-walled 
primary wood-parenchyma (p), in which are enclosed narrow 
vessels (the protoxylem) gradually becoming broader as we pass 
towards the exterior. The primary wood-parenchyma becomes at 
the same time thicker walled. This applies still more to the 
vessels, while the space between is occupied by still more strongly 
thickened tracheldes with bordered pits (m'). The fully deve- 
loped vessels and trache'ides, as well as the thick- walled wood- 
parenchyma, stain an intense red in the corallin, the thin- walled 
wood-parenchyma only a light rosy colour, against which the 
innermost vessels therefore stand out very clearly. The two 
largest vessels {m") of the fibro- vasal bundle represented in the 
figure are in course of development. Between the two developing 
vessels lies a young thin- walled tissue, arranged in radial rows, 
and therefore arising through the activity of the cambium. The 
cambium-zone bounds the outermost limits of the two lai^e 
vessels ; in this a specially flat, but otherwise not sharply- defined 
layer of cells, represents the initial layer. Succeeding towards 
the exterior are the thin-walled elements of the bast, the radial 
arrangement of the inner portion of which also indicates a ser 
condary derivative of the cambium. In this bast are the sieve- 
tubes (v), clearly distinguishable from the companion-cells accom- 
panying them by the abundant contents of these latter. Between 
sieve- tubes and companion-cells there are also scattered cells of the 
bast parenchyma, containing starch. The outer part of the bast, 
the protophloem, is composed of narrower sieve-tubes, which there- 
fore are not so sharply contrasted with their companion-cells. 
The bast is separated from the sclerenchyma ring (sk) by a large- 
celled cortical parenchyma, devoid of intercellular spaces. The 
sclerenchyma ring appears quite as deeply stained as the lignified 
part of the fibro-vasal bundle. Under the pressure of the elements 
newly developed from the cambium, the protophloem elements are 


106 


INTERFASCICULAK CAMBIUM. 


soon cmslied. — The formation of the interfascicular cam^binm is 
very instructive in snch sections. With the commencement of 
the activity of the cambium in the fibro-vasal bundle, the ground 
tissue cells impinging laterally upon it (i.e. the cambium) have 
become stretched, and partition walls are formed in them (ic). 
Thus streaks of cambium are developed, passing through the 
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Fig. 46.— Cross-section through a young twig of this year's growth of -AmtolocTiia StpTio, 
showing a flbro-yasal bundle after the cambium has commenced its activity, p, paren- 
chymatons elements at the inner extremity of the wood: m' and m'% pitted ducts; tc, 
interfascicular cambium continued into the fascicular cambium, i.e. the cambium in the 
interior of the fibro-vasal bundles : v» sieve-tube ; c. cortical parenchyma ; z\ inner part of 
the ring of sclerenchyma-flbres (x 130)x 

elements of the ground-tissue, which connect together the cam- 
bium streaks in the circularly arranged fibro-vasal bundles into a 
continuous cambial ring. As the accompanying Fig. 46 shows, 
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the formation of the interfascLCnlar cambitim (ic) in AHstolochia 
Sipho is extraordinarily easy to follow, and the original contonr 
of the gronnd-tissne cells which have been divided can be long 
recognised. [The plates of gronnd-tissne, separating the individual 
bnndles of the ring, and across which this interfascicular cambinm 
is developed, are the primary medullary rays.] A stmctnre recog- 
nisable as a sheath aronnd the separate fibro-vasal bnndles of 
Aristolochia Sipho is completely wanting. The ring of sclerenchy- 
matons elements forms a common sheath to the whole of the 
interior tissue of the stem. A delicate radial longitudinal section, 
which has cut through pretty near the middle of the fibro-vasal 
bundle, and is stained with corallin, shows, most internally in the 
bundle, elongated primary wood parenchyma with horizontal end 
walls, between them very narrow annular vessels, more or less 
crashed, then somewhat broader annalar vessels, perhaps partially 
showing transitions to the spiral form ; then closely- wound 
broader spiral vessels, partly showing transitions to the reticu- 
lated form ; and finally the broadened ducts, with bordered pits. 
Between these vessels can be seen very elongated tracheides, 
devoid of contents and with bordered pits ; single fibres, like 
to the tracheides in form, but having pits without borders, 
and containing starch ; thick- walled wood parenchyma, short, 
with horizontal end walls, and likewise with unbordered 
pits and starchy The immature ducts appear as broad cylin- 
drical as yet thin-walled cells, separated by horizontal end 
walls, with abundant peripheral protoplasm, and with nucleus. 
In the mature duct these contents are no longer observable, and 
in the place of the complete end walls these pitted ducts show 
only annular projecting diaphragms. The flat (" tabular ") cells 
of the cambium ring show abundant protoplasmic contents, 
nuclei, and delicate horizontal end dividing walls. The sieve- 
plates are extraordinarily beautiful. Often they are oblique, and 
ofEer to the observer their entire rosy surface with darker shining 
dots. In sieve-plates which are especially strongly oblique, the 
plate is broken up by strips free from pores into several rose- 
coloured and dotted (" punctate ") sieve-areas lying one above the 
other. The side walls of the sieve-tubes are likewise covered 
with small, finely punctate, rose-coloured sieve-areas, usually 
elongated in cross direction. In the periphery of the bast is shown 
in the most striking manner the formation of the callus-plates, 
which cover either both sides of the sieve-plate in similar quantity 
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or preponderatingly on one side only of the sieve-plate, as bright 
rose-coloured, highly refractive masses, rounded on their free sides 
[i.e. the sides towards the cavities of the constituent cells of the 
sieve-tube]. The small sieve-pits on the side walls also have 
small callus-plates. Besides the sieve-tubes will be noticed the 
companion-cells, thickly filled with cell contents, and the broader, 
shorter cells of the bast parenchyma, usually with starch contents 
but less protoplasm. The bast is separated from the ring of 
sclerenchymatous elements by the parenchyma-cells of the ground- 
tissue. The sclerenchyma-fibres of the ring are very long, pointed 
at their ends, with their ends interlapping between one another, 
and are provided with fine pits. Finally we can also determine that 
the coUenchyma-cells bounding on the epidermis are many times as 
long as broad, and join on to one another with horizontal end- walls. 
Let us now continue our observations upon an older stem, about 
1^ inch thick. First cut it across and examine the cut surface 
with the lens. The pith and the medullary rays appear white ; 
the wood is yellowish. The thickest medullary rays, usually ten 
to twelve in number, end in the pith ; these are the " primary " 
medullary rays, those which from the beginning separated the 
fibro-vasal bundles. Bounding the pith are the oldest wood 
portions of the fibro-vasal bundles. Since the broad-cavitied 
ducts are wanting there, they show as a denser, darker-coloured 
ring, penetrated by the primary medullary rays. After this follow 
the concentric annual rings. The breadth of the openings of the 
ducts increases during the first year's growth till a definite maxi- 
mum diameter is attained; [it then again diminishes]. The 
limits of the yearly rings are clearly marked by the broad open- 
ings of the ducts, in that [after the wood of the first year] the 
broadest vessels are only produced at the commencement of the 
growth in spring. The outer part of the year's ring [that is, the 
wood which is developed in the late summer of each year, including 
the first] has no vessels distinguishable with the lens. — Propor- 
tionally as the secondary woody body [i.e. that developed after 
the interfascicular cambium has commenced its activity] increases 
in circuit, new medullary rays are interposed therein, which we can 
distinguish as medullary rays of the second, third, etc., order, but 
in general collect under the name of secondary medullary rays. 
The intercalation of new medullary rays takes place here with the 
greatest regularity. The further we remove our point of view from 
the centre of the stem, so much the more numerous the medullary 
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rays become, and so mucli tlie shorter tliose newly developed 
appear. At the outer limit of thfe woody body we see the cam- 
binm ring as a darker circle, which shows also as a delicate line 
within [i.e, in passing through] the medullary rays. On the oppo- 
site side to the secondary wood can be seen the clear brown-coloured 
secondary bast, similarly developed from progressive growth. The 
medullary rays broaden outside the cambium as a result of their 
subsequent growth in breadth due to the increase in thickness of 
the stem. The bast portions are not capable of such a subsequent 
growth in breadth, and appear, therefore, exteriorly to dwindle and 
become rounded off. The originally continuous ring of scleren- 
chyma has been broken into isolated, unequal, olive-green-coloured 
portions ; and similarly, also, is the originally continuous and still 
darker olive-green-coloured layer of collenchyma. The protec- 
tion of the interior has now been undertaken by the periderm, 
which covers the surface of the stem as a brown sheath, and 
shows clear lamination. The whole of the portion subsequently 
developed through the activity of the cambium, which includes in 
itself the secondary bast, and the broadened ends of the medullary 
rays, is spoken of as secondary cortex, in contradistinction to the 
primary cortex present before the commencement of the increase 
in thickness. A sharp limit between primary and secondary 
cortex is here, however, not present. 

We next investigate, with stronger magnification and on deli- 
cate cross-sections, the structure of the stem described above. 
The tissue of the pith is found unchanged, just as in the younger 
condition, excepting that the cells contain numerous masses of 
crystals of oxalate of lime. Into the pith project the primary 
xylem bundles, which were already present before the com- 
mencement of secondary thickening; they form the so-called 
medullary sheath. With the lens, these primary portions of wood 
were not distinguishable ; they consist in the inner part of thin- 
walled partly-crushed elements. The woody body is first sharply 
marked by the appearance of thickened elements between the 
larger pitted ducts. Simultaneously the fibro- vasal bundle in- 
creases in breadth, and the primary medullary rays are correspond- 
ingly narrowed. The vessels formed in the early part of each 
year show an increase of volume up to the third or fourth yearly 
ring. From spring towards autumn, in each year's ring, the width 
of the ducts decreases very rapidly. Shortly before the close of 
the vegetative period [in each year], only very narrow vessels are 
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formed. The largest proportion of the wood consists of compara- 
tively narrow and strongly-thickened elements, which have bor- 
dered pits and appear devoid of contents, and, therefore, are 
trache'ides. They contain air or water. If contents, such as 
starch-grains, are seen in them, they have been swept ont of 
neighbouring cells by the razor. Especially surrounding the 
ducts, but also scattered between the trache'ides, are somewhat 
less thickened elements, with shallow pits, protoplasmic contents, 
and commonly also containing starch ; these are wood-parenchyma 
cells and wood-fibres. The ducts are only provided with bordered 
pits where they are in contact either with one another or with 
trache'ides ; where the pit of a duct or of a trache'ide hits upon 
the pit of a wood-parenchyma cell or wood-fibre, it is only bordered 
on one side, namely, the side towards the duct or trache'ide, i^, 
only on this side has the pit its mouth contracted. 

The closing membrane of such a unilaterally bordered pit is 
without a* central thickening (Toms), and, in distinction from 
closing membranes provided with a torus, colours blue with 
chlorzinc iodine.^ 

The cells of the medullary rays are elongated radially, their 
walls comparatively little thickened, and with numerous small 
pores. At the outer limits of the ligneous mass we easily recog- 
nise the cambium, composed of thin- walled, flattened, radially 
arranged cells, and on the other side of this the thin-walled 
elements of the bast. Besides the sieve-tubes and companion-cells 
are also found in this case starch-containing cells of the bast- 
parenchyma. The secondary bast, developed through the activity 
of the cambium, has, therefore, acquired these last additional 
elements. In exceedingly thin sections, the alternation of non- 
collapsed layers of cells with collapsed, completely-flattened layers 
can be followed. The layers of cells which are not collapsed 
consist of bast-parenchyma cells, for the most part rich in starch, 
and produced in spring. The flattened layers, on the other hand, 
consist of the subsequently developed sieve-tubes and companion- 
cells and scattered bast-parenchyma cells. The flattened bands 
are ruptured later on, and still, after a long time, they show 
clearly as arches, becoming ever further apart towards the exterior. 
By the intercalation of new medullary rays the bast undergoes 
repeated bipartition, and therefore every outer part of the bast 
always overlaps two inner portions. Outside the rings of bast are 
found in the cortex the disconnected fragments of the ring of 
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sclerenchyma-fibres. These fragments are separated by a paren- 
chymatons tissue. The ring of sclerenchyma, as the result of the 
increase of thickness due to the action of the cambium-ring, has 
been radially ruptured, and into the clefts the neighbouring 
tissue of the cortex has pressed in from both sides. The ring of 
coUenchyma also is separated into pieces; but here not merely 
a rupture results, but in single places tangential extension of its 
cells ensues, which then commence dividing and so give origin to 
masses of parenchymatous tissue. The surface of the stem is 
covered with periderm, which shows wider zones of broad thin- 
walled, and narrower zones of narrow thick- walled, cork-cells, in 
beautiful alternation. As in the pith and medullary rays, so also 
in the cortex, are found scattered crystal-masses of oxalate of lime. 

The radial longitudinal section shows, in the secondary wood, 
first the broader and narrower ducts, with bordered pits and 
annular diaphragms, the tracheides with bordered pits, the less 
thickened wood-fibres, recognisable by their contents and their 
shallow pits, and the wood-parenchyma, less thickened than the 
tracheides, and joined into continuous rows or lines. If a 
medullary ray is cut, its thin- walled cells can be seen proceeding 
in radial direction, [and therefore straight across the section]. 
At the outer limit of the wood we can recognise the cambium- 
cells, flat (tabular), rich in protoplasmic content, thin-walled, 
ending on one another with horizontal walls, then the still active 
portion of the bast, and then the alternating collapsed, and non- 
collapsed flattened, elements of the older bast. The laminated 
periderm in the periphery is very beautifully exhibited. The 
longitudinal section appears just as does the cross-section; the 
cells are just as long as broad. — In cutting the wood, the direct 
course of the medullary rays appears to the naked eye. This 
arises from the marked length of the intemodes [i.e. the spaces 
between the points of origin of the leaves], iu which the fibro- 
vasal bundles, like the medullary rays, preserve their direction 
unchanged. The tangential longitudinal section of the stem 
shows under the microscope the medullary rays in the form of 
broader or narrower streaks, separated from one another by 
corresponding streaks or layers of the ligneous body of the stem. 

As it is always a matter of no slight difficulty to make out 
correctly the individual elements of complicated structures, such 
as are shown by sections through the wood, we will therefore 
endeavour to obtain information by another method. We call to 
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our assistance the so-called treatment by " maceration." For this 
purpose we place in a wide test-tnbe some pieces of chlorate of 
potash, and pour over them enough nitric acid to completely cover 
the pieces * ; then lay in this fluid longitudinal sections, not cut too 
thin, of the tissue to be investigated, and warm it over a flame 
until active evolution of gas ensues. We allow the reagent to 
work for some minutes, and then pour the whole into a large 
evaporating dish [or a saucer], full of water. The floating 
sections should be removed from this, by means of a glass rod, 
into another vessel filled with water, and from thence into a drop 
of water on an object-slide. The maceration should not be carried 
on in the same room in which the microscopes are, as the vapours 
evolved are injurious to them. The preparation placed on the 
object-slide can be torn to pieces with needles, and the indiyidual 
elements thus separated. If the reagent has worked rightly, the 
middle lamella between the cells will be dissolved ; the separation 
of the cells is therefore easy to complete. All the elements, which 
previously had to be studied in combination, will now be found 
isolated under the microscope. They are usually well preserved, 
excepting that the lignin [by which the cellulose in the wood had 
been chemically altered] has been more or less completely removed, 
so that for the most part they stain violet with chlorzinc iodine. 
First we notice the pitted ducts, usually separated into segments 
at the places which indicate the annular diaphragms. Especially 
numerous in the preparation are the isolated tracheldes; they 
are elongated, have tapering, rounded ends, and bordered pits. 
These pits, owing to the walls being swollen by the reagentj now 
present the appearance of narrow, obliquely ascending clefts ; still, 
by focussing, you can get successive optical sections, which will 
show that the clefts widen towards their base. Where several 
tracheides remain joined together, the pits show a cross, because 
their cleft-like apertures are in opposite directions in adjoining 
cells. Besides ducts and tracheides, we also find in our preparation 
cells of the wood-parenchyma, with thin walls and large shallow 
pits ; they are also recognisable by their conglomerated granular 

* If the proportions of these reagents are not right, red fumes of nitrons aoid 
gas will be given off, and the tissue may be entirely dissolved. W. B. McNab 
has suggested a fluid composed of 2 drachms of nitric aoid (of sp. gr. 1*10), and 
3 grains of chlorate of potash, in which the tissue should be kept for a fortnight, 
when the constituent cells can be isolated. {Tram, Edin. BoU Soe, vol. zi« p. 
293.) [Ed.] 
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cell-contents. As we can now determine, they are isolated in forms 
whicli resemble those of the fibres, appear occasionally to hare a 
single cavity, but are commonly, however, divided by horizontally 
or obliquely placed walls into several shorter sections, standing 
one upon the other. The forms with one unbi*oken Cavity, are 
those which we have hitherto called fibres ; but which, however, 
are better termed " substitute-fibres," since they replace the cells 
of the wood-parenchyma. The wood-parenchyma cells standing 
upon one another, and having together the form of the substitute- 
fibres, have evidently arisen through cross-division of a single 
mother-cell. The cross-partitions must have been first formed 
when the mother-cell was still thin-walled, since they show the 
same thickness and the same pits as the side walls; they can 
only therefore have been thickened simultaneously with these. 


NOTE TO CHAPTER IX. 
^ Compare Bassow, Bot, CetitraXbl, Bd. XTTT., p. 140. 
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CHAPTER X. 

STEUCTURE OF THE CONIFEROUS STEM. 

Mateeial Wanted. 

Pieces out from the periphery of an old branchlet of the Scotch Fir 
(Pmu8 sylvestris). Cut, and placed in alcohol, in June or July. 
Placed in half-and-half glycerine and alcohol twenty-four hours 
before wanted for section-cutting. Likewise fresh. 

We will first take up again the Scotch fir (Finns sylvestris), 
already once investigated by us, and undertake a careful study 
of the structure of the stem. Since we have learned the method 
of growth in thickne^ of Aristohchia, we can do this with a much 
clearer comprehension. 

It is characteristic of the Coniferae that the entire secondary 
growth of the wood consists of but one kind of element, the 
trache'ides, or, as here in the Scotch fir, of trache'ides and individual 
strings of secondary wood-parenchyma. If you wish to find 
vessels in the Coniferas, you must look for them in the medullary 
sheath, in the primary wood of the fibro- vasal bundle. Even in 
-^ stems of half an inch in thickness this can be done very easily. 
In cross-sections passing through the pith, which is readily 
marked out to the naked eye by its darker colour, it can be seen 
that the inner margin of the ligneous mass consists of portions 
projecting into the pith and composed of elements with narrow 
cavities, and with somewhat brownish walls. In delicate radial 
longitudinal sections passing through the sam© region, we can 
determine that these elements are spiral vessels. Some such 
vessels, which possess at the same time spiral bands and bordeired 
pits, serve as a transition to the tracheides 4iaving only bordered 
pits. 

We will now institute a careful investigation into the region 
of the cambium ; and we select alcohol-material as best for the 
purpose, since in fresh stems of the Scotch fir the cambium is 
usually torn through in cutting, while dry portions of stems do 
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not easily give good sections. The alcohol-material shonld be laid 
for abont twenty-four hours in a mixture of equal parts of alcohol 
and glycerine, after which it can be prepared specially well. 
Alcohol-material offers this further advantage, in that the cell- 
contents are fixed. We select for the investigation pieces from 
the periphery of a tolerably thick branchlet, because the tracheides 
in the later-developed annual rings are larger. The pieces of 
stem are best laid in alcohol in the month of June or July, i.e., at 
a time when the cambium is in full activity, and I assume that 
such a piece of stem is used for investigation. We examine the 
section in glycerine ; in case, on the other hand, we wish to treat 
it with reagents, we first wash it in water. We begin with a 
delicate cross-section from the periphery of the stem — a section 
which extends through the bark, the cambium,, and several annual 
rings of the wood. We first figure ^^ 

to ourselves on this section the *^|[ | | ]jLj L _ l| -^^jl^ 

things already known from our 
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observations on bordered pits 
We see the tracheides arranged 
in radial rows ; from time to time 
such a row doubles in its out- 
ward direction. In outline, the 
tracheides are quadrangular, or 
else with five or six sides. In 
[the wood formed in] autumn the 
tracheides are narrower, and have 
thicker walls. After these thick- 
walled narrow elements succeeds 
[passing outwardly], without 
transition, the wood of the follow- 
ing spring growth, with its elements less strongly thickened and 
with broad cavities. This sudden change makes the year's limits 
visible to the naked eye [see Fig. 46*]. Parallel to the radial rows 
of the tracheides run the narrow, usually unilamellar (rarely more), 
medullary rays, generally distinguishable also through the starch- 
contents of their cells. In the radial walls of the tracheides [i.e., 
those walls directed towards the medullary rays] are the bordered 
pits, the structure of which we already know. On the tangential 
walls [i.e., the walls directed towards the centre and periphery of 
the stem] they are exceedingly rare. Between the tracheides and 
the starch-containing cells of the medullary ray are present very 


[Fio. 46*.— Diagrammatic section, shov^- 
ing janction of autumn and spring wood 
in Pinus tylvestrU, 7i, the latest aatumn- 
formed elements ; to, the boundary ; /, the 
earliest spring-formed elements; m, a 
medullary ray. x 260 (after Prantl).] 
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ri&. 47.— Part of a cross-section of a pretty old 
branch of Pinua vylvettris. The strip passes through 
the cambium (i, initial layer), andendis on the one side 
in the young wood, on the other side in the young 
ba-^t. 1, 2, 3, stages in the development of the bor- 
dered pit ; m, medullary ray ; e, sieve-plate ; fc, 
flattened cells with brown contents, later on con- 
taining crystals. 


broad nnilateral bordered 
pits, so broad that they 
almost represent the 
whole width of the wall 
of the trache'ide in con- 
taxjt with the ray-cell. 
By ** unilateral" we must 
understand that only on 
the side of the.tracheide 
is the "border" of the 
pit developed. The clos- 
ing membrane is usually 
bulged into the trache- 
'ide; it appears to be 
without a "torus." The 
medullary ray cells, in 
those places with which 
the tangential walls of 
the trache'ides adjoin, 
are provided each with 
projecting thickening 
ridge (compare with Fig. 
47, the medullary ray fti 
and the tracheide walls 
impinging upon it). The 
section can, however, 
have been taken through 
a band of empty medul- 
lary ray cells, and these 
are then connected with 
the trache'ides by pits 
which are bordered on 
both sides. In the im- 
mediate neighbourhood 
of the cambium we see 
(Fig. 47) the as yet in- 
complete tracheides, the 
so-called " young wood." 
Passing from the cam- 
bial zone, the walls of 
the cells increase rapidly 
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in tliickiiess. In cross-sections, thpongh older stems, we moreover 
often see the radial walls within the cambial zone itself to he 
thicker 1 (as in Fig. 47). What we must here call "cambimn" 
consists in the Initial layer (t), assumed theoretically to be 
nnilamellar, which by snccessive tangential divisions gives ofE 
mother-cells of the tissue on its wood and bast sides, and, from 
these, tissue-cells, still in course of division, which give rise to the 
elements of the wood and the bast. A sharp boundary cannot be 
drawn between the initial layer and the mother-cells of the tissue 
of the wood and bast respectively. The youngest partition wall 
in the cambium can be recognised, in that it passes without 
interruption to the radial lateral walls (i) ; somewhat older partition 
walls, on the contrary, join on to* the side- walls at somewhat 
swollen points of origin. Towards the wood side the development 
of the bordered pits can be followed (1, 2, 3). The rows of 
tracheides are continued, through the cambium, into the rows of 
the elements of the bast, which maintain an equally strong radial 
arrangement. The cell-walls on the bast side become rapidly 
thickened ; they have, however, a more dead- white, less glistening 
aspect than in the wood. On the radial walls of the broader bast 
elements, especially on the places where, in the wood, the bordered 
pits stand, are situated the sieve-areas (e) ; in very thin sections 
we can recognise the fine pores which pierce these areas. Narrow, 
prominent, unilamellar bands of flattened cells alternate with the 
broad layers of sieve-tubes. These bands represent the bast- 
parenchyma. The greater number of the cells in the bast 
parenchyma are distinguished by a strongly refractive brown cell- 
content (h). In places somewhat further removed from the 
cambium, one or two crystals can be seen in the brown contents 
of these cells [crystallogenous cells]. As in the Scotch fir but 
one band of bast-parenchyma is formed yearly, the number of 
them can be used in estimating the age of any particular portion 
of bast. Between the cells containing crystals are others full of 
starch. Crystal or starch-containing cells,' singly or in groups, 
are scattered also between the sieve-tubes. The medullary rays 
(m) are continued from the wood through the cambium into the 
bast, and in this latter their cells also in part contain starch. 
Only a comparatively narrow zone of the bast consists of turgid 
elements retaining their original arrangement. Beyond this 
zone the radial rows of cells are curved, the cell-walls begin 
to grow brown, the cavities of the cells become more or less con- 
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tracted by pressure, so that the radial walls of the cells appear 
bent in waves or folds. Only the starch-containing cells of the 
bast or of the medullary rays enlarge notably ; they become 
ronnded, and appear now as more or less globular elements, thickly 
filled with starch. Finally, the sieve-tubes and cells containing 
crystals are completely crushed, and elongated tangentially, and 
now separate, like laminated membranes, the large starch-contain- 
ing cells. The outer cortex appears now to consist of these last 
only. Further outwards in this bark we encounter narrow laminae 
of cork, and outside these deep-brown dead tissue, cut off by them 
from the periphery. 

Hitherto unmentioned are the strings of wood-parenchyma, 
which are shown in every cross-section of the wood, and which 

always contain a resin-canal (Fig. 
48). In alcohol-preparations this 
canal has lost its resin contents. 
The cross-section through the wood 
outs the resin-canals likewise in 
cross-section. Each of these pre- 
sents itself as an intercellular pas- . 
sage (i), surrounded by a layer of 
large thin- walled cells (Epithelial 
cells, e). The walls of these cells 
have become brown ; they contain 
a lai'ge nucleus and a peripheral 
layer of protoplasm. To these 
cells follow a second layer of cells, 
of similar form, but poorer in con- 
tents, and flattened; then a more 
or less complete sheath, here and 
there doubled, of large starch-con- 
taining wood-parenchyma cells. 
These last are surrounded by tra- 
che'ides, or else impinge upon a medullary ray. As the history 
of their development shows, the resin canals arise schizogenausly, 
i.e. J by the separation of cells at first in contact. 

For the purpose of comparison, let us now take a cross-section 
through a piece of fresh pine- wood, and determine that the resin 
canals are filled with Resin. This appears in the preparations 
in the form of strongly-refractive, extensible drops, often with 
irregular outline. If we run in a little alcohol, the resin-drops 



Fig. 48.— Resin-canal from the wood 
of Ptnu« sylvestris. i, the canal filled 
with resin; e, the epithelial cells stu*. 
rounding. the passage (canal); a, cells 
containing starch; t, tracheides; m, 
cells of a medullary ray ( x 240). 
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quickly disappear. We can, moreover, stain them in cliaracteristio 
fashion with the red colouring material of alcanna ^ roots [roots of 
Alcanna tinctoria'], which we have already nsed to colour oils. 
For this purpose we take a cross-section through the wood of the 
Scotch fir, and lay it on the object-slide in a drop of water. We 
then take a similar thin section from the bark of a dried alcanna 
root, blow off from it the adhering particles, lay it upon the fir 
section, and cover with a cover-glass. Then run in a drop of 
about 50% alcohol under the cover-glass, and allow the object 
to stand for from half an hour to an hour. If now the alcanna 
bark is removed and the section of fir examined, the parts con- 
taining resin appear stained a beautiful dark red colour, while the 
other parts of the preparation remain entirely uncolouyed. 

Cross-sections through the alcohol-material treated with chlor- 
zinc iodine show the walls of the trache'ides yellow-brown ; their 
innermost thickening layer, which is in contact with the limiting 
membrane [i.e., the bright refractive line immediately surrounding 
the cell-cavity], is, however, partially stained violet. In the neigh- 
bourhood of the cambium, in trache'ides which are not yet fully 
formed, the protoplasmic contents and nucleus are now easy to 
see. It can be settled equally definitely that the trache'ides, when 
fully formed, lose all living contents- The cambium, with the 
youngest adjoining cells, has stained bright violet, the walls of the 
older portions of the bast a dark violet colour. The contents of the 
crystallogenous cells remain, brown, while those of the cells of the 
periderm now appear reddish-brown- The inner surface, especially 
thin- walled, of the cells surrounding the resin-canal usually stains a 
dirty violet. Careful examination shows, moreover, that the closing 
membrane of the unilaterally bordered pits has stained violet, 
while that of the bilaterally bordered pits remains uncoloured.' 

If we bring to bear on the wood of the Coniferae, on sections 
taken through the cambium, the reactions for lignin which we 
have already tested, we can readily prove the gradual extinction 
of the lignin reaction in the neighboui»hood of the cambium. 
Corallin also must, by virtue of its properties already known to 
us, stain the lignified cells quite differently from those unlignified. 
We obtain, indeed, very beautiful and instructive preparations 
when the sections are laid for some time in soda-corallin and then 
examined in glycerine. The lignified membranes are stained a 
deep red ; towards the cambium this red disappears, and passes 
over into a pale yellow. In the bast the cell- walls have a pale 
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reddish-yellow coloration ; the sieve-plates are coloured deep red, 
especially where they are covered with a callus layer. As 
corallin also stains starch-grains rose-colonr, these consequently 
stand out qnite sharply in the outer parts of the bast. 

Now prepare a radial longitudinal section, using for the purpose 
the alcohol-material. The radial longitudinal section shows us 
in the wood the elongated tracheides with bordered pits, bluntly 
tapering at both ends, and by these ends interlapping with one 
another. The surface view of the bordered pit is already known 
to us. The bordered pits in the narrowest tracheides of autumn 
are small and few. Traversing the tracheides horizontally, we 
see the cells of the medullary rays. The medullary rays have 
usually little height [i.e., in the direction of the length of the 
tracheides, and therefore of the length of the stem] ; they can, 
however, occur up to sixteen cells high. They consist * of radially 
elongated cells, lying side by side in rows. The median cells con- 
tain starch, and show on the sides of the tracheides the large, 
shallow, unilateral, bordered pit ; the upper and under rows of 
cells, from one to three in number, are empty, with small bordered 
pits, and show peculiar jagged (or serrate) projecting ridges on 
the walls directed tangentially. Similar rows of cells may also 
be interpolated in the median parts of very deep medullary rays. 
From their pits and want of living cell-contents these rows of 
cells resemble, in structure and relations, the tracheides of the 
wood, and on these grounds might be considered as tracheides ; but 
we will confine this term to the elements of the ligneous portion 
of the fibro- vasal bundle alone. Here and there the radial longi- 
tudinal section may also cut through a string of secondary wood- 
parenchyma, and have laid bare its resin-canal. The parenchy- 
matous cells surrounding the resin-canal are convex towards it, 
and just as broad as long ; those more remote are clearly longer. 
In the larger medullary rays we can trace the course of a hori- 
zontal resin-canal, and can determine that ultimately the vertical 
and horizontal resin-canals intercommunicate. The cambiiun in 
longitudinal section shows as narrow elongated cells, with their 
end- walls more or less obliquely inclined, from which the elements 
of the wood and bast proceed, and as shorter, broader cells which 
are continued on both sides into the cells of the medullary rays. 

In order to study the sieve areas,^ we again take the alcohol- 
material, and lay the sections we have prepared in a watery 
solution of Aniline blue.^ In this the sections need remain only 
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a few minutes, and then be transferred to glycerine. This latter 
permits the colonr to remain only in the sieve-areas, removes it 
from all other parts of the section. The sieve-areas cannot now 
be overlooked in a microscopical examination. Their colonr is 
beautifully blue and permanent, so that the preparations can be 
preserved. We can distinguish the sieve-areas even in the im- 
mediate neighbourhood of the cambium, and follow them into the 
parts in which the sieve-tubes have become crushed, and the sieve- 
areas have therefore lost their radial position. The sieve-areas, 
however, already lose their capability of coloration. The sieve- 
tubes have the form of cambium cells ; they bear sieve-areas only 
on their radial walls, just as the bordered pits on the tracheides. 
The sieve-areas are, moreover, smaller than the bordered pits. 
They present the appearance of round or 
oval spots, which are collected into an in- 
definite number of somewhat angular, finely- 
punctate sections (Fig. 49). At some dis- 
tance from the cambium the sieve-areas are 
covered by a homogeneous shining substance, 
staining sky-blue — the callus-plate. Further 
still these are again dissolved, the sieve- 
area is bare, and no longer colours at all. 
The sieve-tubes are here already function- 
less. It is not difficult to recognise that the 
active sieve-tubes contain protoplasmic con- 
tents, the nucleus, however, except occasion- 
ally, is wanting, already disappearing in the 
developing sieve-tube. 

The crystaUogenous cells of the bast are 
distinguished in longitudinal section by their 
brown contents ; they are comparatively short, end commonly with 
horizontal walls, and have apparently arisen from horizontal divi- 
sion of the cambium-cells. They contain numerous prismatic 
crystals lying over and by one another. The starch-ceUs likewise 
stand out clearly. They are still shorter than the fcrystallogenous 
cells, lie in rows one upon the other, and are also interpolated 
singly or in longer rows between the crystaUogenous cells. Later 
these starch-containing cells swell very considerably. 

The cells of the medullary rays can be readily followed from 
the wood into the bast; they retain, moreover, their essential 
structure, but lose their characteristic pits ; the inner, starch-con- 



ris.49.— Pwu« vylvettrxB, 
Parts of two sieve-tubes 
with sieve-areas (x 640). 
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taining rows are here also usually accompanied, both above and 
below, by cells free of starch. These last cells are narrower and 
longer than those which contain starch, quickly lose their living 
contents, and collapse. All the elements of the medullary rays 
within the bast remain thin-walled. The horizontal resin-canals, 
also, in the large medullary rays, pass out of the wood into the 
bast. 

The tangential longitudinal section, which we likewise prepare 
from the alcohol-material, must be taken from at least two places, 
viz., one in the wood, and one in the bast. The section through 
the wood shows the trache'ides, and the sections of the medullary 
rays, each cross-section of these tapering at its ends, and the 
whole therefore having a spindle-like out- 
line, since the cells at both edges (or 
ends) gradually become narrower, and the 
final cells are unilaterally pointed. The 
simplest medullary rays are in cross-sec- 
tion 3 cells high ; most are about 8 cells, 
while with some the height can increase 
up to as many as 20 cells. The simplest 
are always but one cell broad; the highest 
can in their central part be several layers 
thick, and these latter have then a resin- 
canal, which is shown in section. The 
section may have also cut through a ver- 
tical resin-canal, which will present the 
same appearance as in the radial longitu- 
dinal section. A section of the bast which 
will answer our requirements cannot be 
obtained without trouble. There is no 
recourse, but to prepare from an older 
portion of bast, beginning externally, a 
considerable number of successive sec- 
tions, till we have reached the- young 
wood. We examine these sections with a low-power objective, and 
look for such as contain still active sieve-tabes. By this means we 
can obtain information about the callus plate, which at oncfe at- 
tracts the eye, even without coloration and with slight magnifica- 
tion, as a strongly refractive pad attached to the cell-wall. The 
sections of the sieve-areas can be best studied in chlorzinc iodine, 
to which we have added an equal bulk of dilute watery potassium- 



Fio. 60.— Pt'niM aylveth'is. 
Farts of the walls of sieve- 
tabes after treatment with 
chlorzinc iodine. A^ before 
the formation of the callus 
plate ; Bf after its formation ; 
Cf from a sieve-tube which has 
passed its period of activity 
(X 640). 


STEM OF PINUS. 


123 


iodide-iodine solution. The figure of the sieve-area in this view 
is the same as in the cross-section, but the number of the cut 
sieve-areas is very great, and therefore it is more easy to obtain 
a favourable section. They will be found most quickly at the 
edges of the section. The sieve-areas (Fig. 50, A) are seen in pro- 
file, within the radial walls of the sieve-tube which we have 
cut through with the razor. The walls themselves are somewhat 
swollen in the chlorzinc iodine solution, and have acquired a violet 
coloration. The sieve-area is, so far as it appertains to a still 
active sieve-tube, stained 
reddish-brown. This colour 
proceeds from the strings of 
plasma which penetrate 
from both sides into the 
thickness of the sieve-area. 
It appears then as if the 
sieve-area were pierced by 
reddish-brown rods (com- 
pare the figure). The callus 
plates {B) have coloured 
reddish-brown, provided the 
chlorzinc iodine solution 
was not too concentrated, 
and has not acted as a 
solvent. The sieve-areas 
of sieve-tubes which have 
lost' their function (U) 
appear bright violet; the 
strings of plasma and the 
callus-plates have disap- 
peared from these. If we 
stain such a tangential 
longitudinal section with 
aniline blue, and examine 
it in glycerine, the brilliant 
blue callus plates at once attract attention. We can easily follow 
on the one side the growth, and on the other side the disappearance 
of them. 

[The resin-canals which we have here met with, and which in 
the cortical parenchyma of Conifers often attain considerable size, 
can have their origin well studied in the ivy {Sedera helix). 



[Fig. 50*. — Resin passages in the bast of a 
young stem of Hedera helix in transverse section 
(X 800). A, early stage ; E, later stage ; g, the 
resin passage surrounded by its secreting cells; 
e, the cambium layer ; wb, soft bast ; h, bast fibres ; 
rp> cortical parenchyma. (After Sachs.)] 
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Cross-sections of young stems will show the resin-canals in the 
central pith as well as outside the xylem ring, even in quite close 
contiguity to the cambitim-ring. In the same section they will be 
met with in different stages of development, from a group of four 
cells, having between them a barely recognisable intercellular space, 
to fifteen or twenty cells surrounding a* large cavity. The cells 
are at once recognisable by their granular contents. The mode of 
origin of the resin-passage is easily observable. It arises through 
the separation of the secreting cells, while these cells divide 
radially, and more rarely tangentially (Fig. 60* A), and thus sur- 
round a cavity continually enlarging up to a certain point. The 
resin passage is therefore schizogenoiis (compare Fig. 60*).] 
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In this chapter, as throughout, I have made use of the term 
bordered pits, since it has acquired a firm foothold in English text- 
books. It is by no means expressive, and, but for an objection to 
the multiplication of names for the same object, I should have 
replaced it by the term chambered pit. [Er.] 
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CHAPTER XI. 

STRUCTURE OP THE STEM OF THE LIME ; BIOOLLATERAL FIBRO- 
VASAL BUNDLES OF THE OUCURBITAOBiB ; SIEVE-TUBES. 

Matbkial "Wanted. 

Twigs of Lime {Tilia. europcM), about ^ inch thick. 
Stems of a Grourd (Gucurhita pepo), about ^ inch thick, cut about J 
yard from apex. Fresh, and in alcohol. 

As our next object of investigation, we choose the Lime {Tilia 
parvifolia) • [or any form of the aggregate species, known under 
the name of Tilia europcea], A cross-section through a twig 
about ^ of an inch in thickness, shows us a pith consisting of large 
cells, the air-containing cells of which are grouped, rosette-like, 
around individual narrower cells, filled with finely granular 
brown contents. In the outer part of the pith lie g^m-reservoirs, 
forming hollows in the parenchymatous tissue, but which, how- 
ever, are already empty. At its outermost limits the pith 
consists of smaller cells, the cells filled with finely granular 
contents. Into this small-celled tissue project the primary wood 
portions of the fibro- vasal bundles. The "unwinding" spiral 
vessels [from which the spiral thickening thread can be unrolled], 
are at once noticeable in the cross-section, from the thickening 
bands standing out here and there. We can count about 5 
annual rings in the cross-section of a twig of \ inch thickness, 
and we shall perhaps notice that the successive annual rings can 
be of very varying thickness. In the spring the great ducts are 
•produced close to one another, and mark at once the limits of the 
year. Further in the year's growth the broad ducts either arise 
singly or in isolated groups ; in the last phase of [the year's] vege- 
tation the cambium produces only elements with narrow cavity. 
On the other side of the cambium the keel-shaped tapering por- 
tions of the bast are at once noticeable [Fig. 60**, p. 127.]. In these 
an alternation of tangentially-arranged white and dark layers is 
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shown. The glistening white layers are composed of numerous 
closely-combined bast-fibres, the walls of which are thickened 
almost to the disappearance of the cavity. The cavity of each 
individual cell shows, only as a black point,* The layers have an 
irregular outline, and can likewise be interrupted. The darker 
layers between the white consist of starch-containing cells, with 
small cavity, — ^which principally abut upon the bast-fibres, and 
form bast-parenchyma, — and of broader elements, which are more 
in the central portions of the layers ; and in these we recognise 
sieve- tubes. Small cells, which often in quite a conspicuous way 
are cut ofP from the comers of the sieve-tubes, are the companion- 
cells. Probably twice as many layers of secondary bast-fibres 
can be counted as there are annual rings in the .wood. Apart 
from the first two years, two layers of bast-fibres are developed 
pretty regularly in each year. The outermost edge of the figure 
is occupied by the strings of primary sclerenchyma, which in no 
way difPer from the secondary bast strings. The primary 
medullary rays in the ligneous body are usually two (here and 
there, however, more) cells thick ; the secondary medullary rays, 
only one cell thick. They can be followed through the cambium 
into the primary cortex, or into the bast respectively. The [outer] 
ends of the primary medullary rays are considerably broadened 
[into a funnel shape], and separate the portions of bast. They 
segment the bast into the form of inverted radiating keels. The 
numerous tangential divisions in these ends of the medullary rays 
have caused an arrangement of the cells into tangential rows. 
The outer end of the medullary rays, and the primary portions 
of the bast, plunge into the actively-living green primary cortex. 
In the outer parts of the medullary rays, and in the primary 
cortex, are numerous crystallogenous cells. Further outward, the 
cells containing chlorophyll can be easily recognised, by their 
white walls, especially strongly thickened in the comers, as col- 
lenchyma-cells. The surface of the stem is covered by a regularly 
developed periderm, whose flat cells show to be a stronger and 
stronger brown colour, according to their age, i.e., passing 
from inside [the youngest] outwards. [A general idea of the 
arrangement of the parts can be obtained from the accompanying 
diagrammatic view of the cross-section of a four-year old stem 
of the lime, the description of which is given at the foot of the 
figure.] 
In radial longitudinal sections, we can make out that the ducts 
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[Fig sot**.— Diagram of part of a oross-Bection of 
a twig of the Lime, 4 years old (slightly magnified) : 
m, pith ; ma, medullary sheath ; x, annual rings of 
wood 1, 2, 3, 4; c, cambium; ph, bast ; pa, primary 
medullary rays ; b, bast-fibres ; pr, primary cortex ; 
k, cork. (After Prantl.) ] 


of the secondary wood have bordered pits, and that moreover 
between the pits they have spiral bands, as an innermost thicken- 
ing layer. The ends of 
the ducts joining on to one 
another, show an oblique 
wall, perforated with a 
single large opening. Be- 
sides the vessels, and al- 
ways connected with them 
by intermediate forms, 
can be seen tracheides, 
especially in the autumn 
wood, thickened in the 
same way as the ducts, 
but tapering at both ends, 
and closed. Between the 
ducts and the tracheides 
lie elongated "wood 
fibres " (libriform fibres), 
tapering at both ends, hav- 
ing small scattered pits, slightly enlarged at their base (bordered) 
and narrow wood-parenchyma cells, filled with oil-drops or with 
starch, simply pitted (not bordered), ending with horizontal 
and likewise pitted walls. The wood-fibres are longer than the 
tracheides, like these without living contents, and containing only 
water ; functionally, at all events, nearly akin to them. The pits 
of the wood-fibres open into the cell-cavity by a narrow cleft, 
which in cell- walls in contact with one another are inclined in 
opposite directions ; therefore, with intermediate focussing, they 
show a small cross in the pit. In these wood-fibres, as almost 
universally in the mechanical elements (stereides), the cleft-like 
pits mount towards the left, t.e., they follow a left-handed spiral 
line.^ In the wall of the ducts the pits are large and numerously 
developed only where one vessel impinges on another, or on a 
tracheide. Those parts of their walls impinging on the wood 
fibres are just as sparsely pitted, and the pits as small, as these. 
Where the wood-parenchyma cells impinge on a duct, a corre- 
sponding influence on the pits can be likewise noted ; the pits of 
the duct are bordered only unilaterally, on the side of the duct. 
The fibres of the autumn wood are particularly narrow. The 
medullary rays pass through the wood, as horizontal bands of 
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considerable height; they consist of rectangular, radially elon- 
gated cells, which contain starch, and have very nnmerons pits, 
especially on the tangentially-placed walls. In the bast we can 
see the very long, strongly-thickened, white bast-fibres, pointed 
at both ends ; between the strings of bast-fibres short parenchy- 
matous cells, with horizontal end-walls, and containing starch, 
and here and there also prismatic crystals ; and the sieve-tubes, 
whose sieve-plates, if placed obliquely, are divided by horizontal 
bars into several sections. Besides these, the collenchyma and 
cork offer points of interest. As, however, the collenchyma 
and cork-cells are just as high as broad, the figure in the longi- 
tudinal section completely resembles that in the cross-section. 

The tangential longitudinal section confirms the conclusion as 
to the considerable height of individual medullary rays, derived 
from the radial longitudinal sections. The medullary rays are 
either one cell thick' in their entire height, or double in the 
middle. For the rest we find the elements again as in the radial 
section. 

After examination of the longitudinal sections, let us now turn 
our attention again to the cross-section ; we shall find that this 
also serves to give a good idea of the structure of the wood. The 
great bulk of the wood is formed of wood-fibres; in the autumn 
wood these are flatter, and present almost alone. The pits of the 
wood-fibres are difficult to see ; where such can be seen, they 
show at their base only a small "border." The ducts and 
trache'ides can be recognised by their bordered pits ; the pits are 
very numerous only where these elements impinge upon one 
another. A sharp boundary between ducts and trache'ides 
cannot, however, be seen in cross-section. The wood-paren- 
chyma cells can be distinguished by their small width; they 
lie particularly around the ducts, and are also scattered singly 
between the other elements. Their starch contents can, after 
treatment with iodine, lead to their recognition only in the 
thicker parts of the section, since in the thinner parts the starch 
is usually scattered over the cells by the razor. 

Chlorzinc iodine stains the ligneous part yellowish-brown, the 
cambium violet. In the bast is shown a beautiful alternation 
between the violet thin- walled zones and the bright yellow, thick- 
walled bast-fibres. The elongated medullary rays of the primary 
cortex are violet, the cork is reddish-brown. 

Corallin stains the wood cherry-red, the bast-fibres quite a 
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strikingly beautiful bright rose-red. The sieve-plates stand out 
elearly even in the cross-section by their fox-red coloration. 
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Fi6. 61.— Tilia parvifolia. Blements of the secondary wood and bast, isolated 
by maceration. A and B, wood-flbres (librif orm) ; C, wood parenchyma ; 2) and 
JS, tracheides ; F, segment of a duct; Q, bast fibre (x 180). 

On account of the difficulty in studying the structure of 
the secondary wood, we will here bring the " maceration " 
method again to our aid, and examine the elements isolated 
from one another. We proceed exactly as with Aristolochia 
(p. 112 et seq.), and separate the macerated sections with 
the needles. The preparation will then show the especial 
preponderance of the wood-fibres (Fig. 61, -4, B), The 
swelling of the walls causes the pits to appear still smaller ; 
they appear as oblique clefts. The short parenchymatous 
cells, recognisable by their contents, lie scattered between 
the wood fibres, and are either separated or, usually, still 
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united into threads which resemble in outline the wood-fibres (C). 
We find, further, but in smaller number, the spirallj-thickened 
tracheides, in outer contour either more resembling the wood- 
fibres (E), or more approaching the ducts (D) ; finally the ducts 
theniselves, either ^separated into segments (F), or else forming 
long tubes. In the preparation the very long and narrow cavitied 
bast-fibres (6?) will also strike us. Careful examination of the tra- 
cheides and vessels enables us to determine that the cleft-like 
apertures of the pits show an opposite direction to the spiral 
band, and in the broader ducts the slope is much steeper than 
that of the spiral band, while in the narrower tracheides there 
is about equal steepness. The tracheides, as we have already 
seen, can be very like to the ducts ; in fact, a sharp delimitation 
between the broadest tracheides and the narrowest ducts can here 
scarcely be made. In individual cases, the circumstance whether 
or not the ends of the element in question are perforate, would 
distinguish them. But this distinction is in doubtful cases a 
matter of great difficulty, and we have therefore, for practical 
reasons, here and elsewhere, left it out of the question; and indeed 
this distinction is not of great importance, as ducts and tracheides, 
as we see in this example, can pass into one another without sharp 
delimitation. We have therefore hitherto been decided in the 
choice of terms more by the outer form, and in doubtful cases 
have classed together the tube-like forms of the ducts, and the 
fibrous forms of the tracheides. 

In almost all the Cucurbitacefls, from amongst which we select 
' Cucurhita Pepo (the pumpkin) for investigation, the fibro-vasal 
bundles have two bast portions, one on the outer, the other on the 
. inner side of the wood. These fibro-vasal bundles are therefore 
constructed bicoUaterally. The outer bast is separated from the 
wood by the cambium, the inner bast impinges immediately on the 
[inner bounds of the] wood. In order to sed the fibro-vasal bundle 
fully formed, stems of at least \ inch thick should be examined, 
and in parts which are distant about half a yard from the growing 
point. In stems of -|- to j inch in thickness, or nearer the growing 
point, the larger ducts are not yet complete. We take for first 
examination alcohol-material, for this offers various advantages. 
The fibro-vasal bundle has no sheath, and is not sharply delimited 
from the surrounding tissue. Better-defined figures cfin be, how- 
ever, obtained if the section is submitted for a short time to the 
action of aniline blue, and afterwards examined in glycerine. 
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The parts appertaining to the fibro-vasal bundles appear more 
darkly stained than the ground tissue. If we suppose the inner 
bast removed, the figure approaches so nearly to- the dicotyledo- 
nous fibro-vasal bundles already known to* us as those of 
BanunculiLi and Ghelidonium^ that we should have no difficulty in 
placing it amongst them. We examine first a cross-section of a 
fully-developed fibro-vasal bundle, with perfect ducts, always 
looking for the most normal cases where two large ducts aro 
present. These ducts are amongst the broadest that are known 
anywhere. Between them lie the cells of the primary parenchyma, 
with tolerably broad cavities, usually elongated somewhat radially, 
and with their walls thickened as strongly as the vessels, and 
always clearly reticulately. Succeeding these internally are ves- 
sels whose diameter falls considerably short of that of the two 
great ducts, and in passing inwards is still further reduced. 
Between these vessels lies the thin-walled primary wood-paren- 
chyma, which is continued beyond the limits of the innermost 
vessels. Upon this thin- walled tissue finally impinges the inner 
bast, consisting of broad-cavitied^ sieve-tubes, of narrower com- 
panion-cells, and of somewhat broader bast-parenchyma cells. 

We have here an easy opportunity of observing the sieve-plates, 
which here are disposed horizontally, in surface view (Fig. 52, A), 
The companion-cells (5) stand out particularly sharply with their 
dark blue-stained contents. At the outer side of the wood can be 
seen the thin-walled radially-arranged cells of the cambium layer, 
following immediately after the two largest ductSy and the thick- 
walled cells of the wood-parenchyma lying between them. Then 
follows the outer bast, constructed just as in th-e inner. In both 
portions of the bast the sieve-plates, where such are cut, are 
readily recognisable from their areolation. Each areole appears, 
according to the stage in its development, to be pierced by a large 
or small pore. In older sieve-tubes the pores are narrower, and 
lined with a highly refractive substance (as in Fig. 52, A). The 
sieve-plate also often appears to be covered with a mass of sub- 
stance stained violet-blue. In the narrower sieve-tubes, at the 
outer and inner margin of the fibro-vasal bundle, the section has 
also probably laid bare a callus-plate, which stands out brightly 
as a homogeneous mass, coloured a beautiful sky-blue. If we focus 
more deeply into such a callus-plate, we can recognise in it the 
network of the sieve-plate. The fibro-vasal bundles, as examina- 
tion of the cross- section with a low power shows, are arranged in 
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two [concentric] rings, about five in each ring. The fibro-vasal 
bundles in the outer ring are inside the angles [of the stem], those 
of the inner ring alternate with the outer ones. The protection of 
the inner parts of the stem is served by a ring of sclerenchyma- 
fibres, the elements of which have stained far more deeply than 
the large-celled ground tissue. Externally to this ring is a corti- 
cal parenchyma, containing chlorophyll, and then a typically 
developed, stellately interrupted shining white collenchyma. At 
the interruptions in the collenchyma, the cortical parenchyma 
extends to the epidermis, which has its stomata at these places. 
In the interior the stem is hollow. Cross-sections through thinner 




Fig. 52.— Cucurbita Fepo, Parts of sieve-tabes. A^ in cross-section, JB to D, in longitn- 
dinal section. A, a sieve-plate seen from above. B and C, side-viev7 of the adjoining parts 
of two sieve-tubes. D, the connected parts of the slime-strings of two-sieve tubes, after 
the action of sulphuric acid, s. Companion-cells ; u, string of slime ; pr, protoplasmic 
sac; c, callus plate* e*, small unilateral callus-plate from a lateral sieve-area (x 640). 

stems, from J to ^ inch thick, show the largest ducts, and the 
elements lying between them, still in course of formation. It not 
infrequently occurs that of the two great ducts only one is com- 
pletely formed, while the other, on the contrary, is obliterated ; the 
former then attains an enormous diameter. In many cases both 
ducts can be obliterated. Finally isolated cases are met with 
where both ducts are present, and both are as great as if only one 
had been produced. 

Radial longitudinal sections, which have cut through a fibro- 
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vasal bundle correctly, show ns that the narrowest vessels are 
annular and spiral vessels ; the broader are pitted, with annular 
horizontally-situated diaphragms. The two greatest ducts have 
irregular, reticulately thickened walls, and in the meshes of the 
net numerous pits. Longitudinal sections will be not infrequently 
obtained, which show the largest ducts provided with a complete 
cross-wall. Then there are still present in the cellB a nucleus and 
a thin peripheral layer of protoplasm. Many cross-walls will 
show, however, to be already strongly swollen in their middle part, 
and therefore in optical section show as biconvex lenses. Longitu- 
dinal sections of the next older parts of the stem show us these 
septa, or partition walls, finally reduced in places to a nairow 
ring, attached to the side wall of the duct. The protoplasmic 
contents of the cells, as well as the nucleus, have then disappeared. 
The thin- walled tissue between the narrower vessels consists of 
elongated parenchymatous cells, ending on one another with hori- 
zontal walls, and therefore being a thin-walled primary wood- 
parenchyma. The more strongly-thickened cells between the 
great ducts are plentifully but shallowly pitted^ and have also 
pitted cross- walls, and belong, therefore, to the thick-walled pri- 
mary wood-parenchyma. As a special peculiarity of these cells, 
we notice the undulating course of their walls placed perpendicu- 
larly to the ducts. This undulation is occasioned by the walls, 
in joining on, avoiding the pits of the duct. In these wood pa- 
renchyma cells is found protoplasmic sac and nucleus. Where 
pitted ducts in^pinge upon one another the pits are bilaterally 
bordered; where they are bounded by wood-parenchyma the 
pits are only unilaterally bordered, and that on the side of the 
fibro- vasal bundle. 

On both sides of the fibro- vasal bundle we can,' by means of 
longitudinal sections, conveniently study these so unusually large 
sieve-tubes^ (Fig- 52,^) . For this purpose we lay the longitudi- 
nal section for a short time in aniline blue, and afterwards examine 
it in glycerine. After lying a pretty long time in this latter, the 
cell-walls are more or less completely decolorized, while the 
contents of the sieve-tubes retain the colour. Almost all the 
sieve-plates are placed horizontally ; only a few have an inclined 
position. Most of them appear covered with a highly refractive 
callous substance, and show, corresponding to this, a not incon- 
siderable thickness (Fig. 52, 0). From this peculiarity they are 
noticeable with but low magnification. Li our aniline-blue 
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preparations these sieve-plates are coloured clear blue. In the 
interior of the sieve-tubes in question, which show these sieve- 
plates, is visible a contracted, sac-like, axial string (u). This is 
a string of protoplasmic slime or mucus, which broadens at its 
ends, and almost completely covers the sieve-plate. It is stained 
indigo-blue. The ends adjoining the si6ve-plates are usually 
more densely full of contents, and form a terminal "mucous 
plug." This accumulation of contents can be observed either on 
both or only at the upper end of the sieve-tube. Besides the 
axial sac, the sieve-tube shows, by very careful examination, a thin 
peripheral layer of protoplasm; the peripheral layer may be ex- 
tremely thin, and adhering everywhere closely to the wall of the 
sieve-tube. A nucleus is not present. In somewhat younger 
sieve- tubes the slime-string can be often seen to push out through 
the pores of the sieve-plate from one [constituent cell of the] 
sieve-tube towards the other in the form of bladder-like or worm- 
like prolongations. In older sieve-plates such prolongations can 
no longer be seen ; the callous substance has augmented and con- 
tracted the sieve-pores. Through these contracted pores the 
slimy contents of one [constituent cell of a] sieve-tube are continu- 
ous with those of another (as in B) . The sieve-plates with their 
callous coverings (Fig. 62, C), are noticeable, as previously in 
the cross-section, on both inner and outer side of the fibro- vasal 
bundle. These plates of callus are clearly indicated by their 
higher refraction, and are stained sky-blue. In the « middle of 
the callus-plate the sieve-plate is more or less .clearly recognis- 
able. The callus-plate consists, therefore, of two halves, belonging 
to adjoining [cells of the] sieve-tube, and are united together 
through the pores of the sieve-plate, A delicate perpendicular 
striation is often to be recognised in the callus-plate (compare 
Fig. 0), and these strisB always pierce the pores of the sieve- 
plate. Where two sieve- tubes are in contact laterally, small 
sieve-areas are formed on the common side-walls. These also 
later on possess a unilateral (c*) or bilateral callus-plate, and are 
thus very evident. By the side of the sieve-tubes, and clearly cor- 
responding in length with [the constituent cells of] these, run the 
companion-cells («). They have abundant protoplasmic contents, 
and a nucleus. Between sieve-tubes and companion-cells can be 
seen numerous horizontally elongated and corresponding pits. The 
sieve-tubes in course of development show in their peripheral pro- 
toplasmic layer drops of mucus stained indigo-blue. These drops 
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of mncns dissolve in order to form the mncns-string. It is very 
instructive to treat a longitudinal section of the alcohol-material 
with concentrated sulphuric acid. The walls of the sieve-tubes 
and the sieve-plates are dissolved. The mucous masses, however, 
remain unaffected, and we can thus obtain preparations of sieve- 
tubes, of which the contents are dissolved, and which show as in 
2) in Fig. 52. Such preparations demonstrate in the clearest 
manner the union which exists between the contents of sieve-tubes 
which are in contact with one another. These preparations can be 
washed by running water under one edge of the cover-glass, and 
withdrawing it from the opposite edge by means of blotting paper, 
and can then be stained with a drop of aniline-blue. 

For comparison, it is necessary to prepare some longitudinal sec- 
tions of fresh material. In these also the sieve-plates show just 
as clearly as in the alcohol-material. The accumulations of slime 
at the sieve-plates can be well seen ; but the slime nowhere shows 
as a special string withdrawn from the side- walls of the sieve- 
tube. This appearance therefore arises from the action of the 
alcohol. 


NOTES TO CHAPTER XI. 

* Compare Schwendener, Das meeh» Prineip, p. 8. 

^ Compare herewith especially de Bary, Comparative Anatomy of Phanero- 
gams and Ferns (Eng. trans.), p. 172; K. Wilhelm, Beitrage zur KenntnUs 
des Siehrdhren-Apparates dicotyler Pflanzen; £. v. Janozewski, Etudes com- 
parses sur Us Tubes Cribreux, MjSm. de la Soe. Nat. des 8e, Nat, de Cherbourg, 
T. XXIII. (reprinted in AnTUiles des Sc, Nat, Bot,, 1882) ; Kussow, Stzbr, der 
Dorp, naturf. Gesellseh^t Jahrg., 1881 and 1882 (the last two also in Annales des 
Sc. Nat. Bot., 1882). 
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CHAPTER XII. 

AXIAL FIBRO- VASAL CYLINDER AND SECONDARY INCREASE 
IN THICKNESS OF ROOTS. 

Material Wanted. 

Root of the Onion (Allium Gepa), Fresh (or in alcohol). 

Root of the sweet Flag {Acortbs calamus). Fresh (or in alcohol). 

Root of Iris florentina. Fresh (or in alcohol). 

Adventitious root from the runner of Ranunculus repens. Fresh (or 

in alcohol). 
Roots of the Yew (Taxus haccata), from -^-g inch thick up to -^^ inch 

thick. Fresh. 

With the structure of the axial fibre- vasal cylinder of roots ^ we 
will first make ourselves acquainted upon the root of Allium C&pa 
(the garden onion). Abundant material for investigation can be 
at any time secured by allowing the onion to grow in water in 
a hyacinth glass. Figure 53 shows us a cross-section from the 
base of a strong adventitioiiB root thus obtained. The epidermis 
and the very thick cortical tissue are left out of the drawing, but 
of the latter we see the cells which bound the axial cylinder as 
a "bnndle-slieath," or endodermis (c). The endodermis, or bundle- 
sheath, shows a characteristic dark shading upon the radial walls 
\pi its component cells]. This shading is produced by the wavy 
flexure of the median portion of the walls. Such an endodermis 
is always unilamellar. The centre of the fibro-vasal cylinder 
is occupied in this instance by two broad scalarifonu vessels 
(jBc) ; in other cases, however, either only one, or more than two, 
can bo found. If the root is not old enough, the central and 
perhaps also the adjoining vessels are thin-walled and not fully 
developed. Adjoining the one or more central vessels are almost 
always six smaller scalariform- vessels (jsc *) ; to each of the last 
succeed a group of quite narrow spiral and annular vessels 
(sp, «p + a). The size of the vessels, therefore, diminishes from 
within outwards, and it is the spiral and annular vessels which lie 
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ontermost. In this the root has relations opposed to those in the 
stem ; a twisting of the ligneous (wood) bundle through half a 
circle has taken place. The ligneous portions are in this case 
united into a six-rayed star, and the axial cylinder is therefore 
described as "^eajorc^." With the ligneous portion the bast 
portions (v) alternate. This last relation is universal for the axial 
fibro- vasal cylinders of roots. Wood and bast are separated from 
one another by a layer of parenchymatous ground-tissue cells. 
The bast portions can be recognised by the white shining walls of 



Fio. 53.— Cross-section of the base of a strong adventitions root of Allium Cepa, c, cortex ; 
e, endodermis; p, pericambinm ; a, annular vessels j ap, spiral vessels; fc and 8c*, 
scalariform vessels ; v, bast ( x 240). 

their cells ; they consist of some sieve-tubes ^nd companion-cells, 
which latter are, in the cross-section, not to be distinguished with 
certainty from the sieve-tubes. From the endodermis the vessels 
and the bast are separated by a single layer of cells, the pericam- 
bixun (p). In concentrated sulphuric acid the entire cross-section 
is dissolved, with the exception of the epidermis, and the layer of 
cells impinging thereon, besides the endodermis and the vessels. 
These last have stained a beautiful yellow. The endodermis, 
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which during the action of the snlphnric acid will have partially 
turned over, shows the middle band in the radial walls beanti- 
fnllj nndulated. In the outermost cortical layer also, adjoining' 
the epidermis, a similar appearance is, however, to be observed ; 
and if we go back to earlier preparations, we shall become con- 
vinced that there also the radial walls show a dark shading. The 
cells in question are also firmly united together, and form, there- 
fore, a kind of outer endodermis, which has also been termed 
epidermoid layer. ^ The longitudinal section shows the vessels 
with the thickenings already referred to ; and with corallin the 
sieve-plates of the sieve-tubes can easily be made visible through 
their staining rose-red. Prom the sieve-tubes their companion- 
cells can now be distinguished by their abundant contents and their 
smaller length. The waviness of the middle band of the radial 
walls of the endodermis, seen in surface view, shows as a ladder- 
like thickening. The pericambium cells have the same form as 
those of the endodermis, but greater length. It will be noticed 
that the inner endodermis (bundle sheath) takes up corallin into its 
cell-walls comparatively greedily, while the outer endodermis, on the 

other hand, is prominent 
in the surrounding tissue 
by its want of colour. 

The root of Acorus 
GalamiJCi [fche sweet flag, 
not uncommon by the 
sides of streams and 
ditches in the eastern 
and midland counties, 
and the root of which is 
used in perfumery] will 
give us further informa- 
tion on the subject of 
root-structure. The 
cross-section of a piece 
of a fully-developed root 
(Fig. 54) shows that here 
the fibro-vasal rays («), 
i.e., the ligneous portion 
of the axial cylinder, are not combined in the centre of the cylinder. 
They are usually, tojthe number of eight, arranged in an unbroken 
ring, while the middle is occupied by a pith. The laige vessels 



Fio. 64.— Cross-section through the root of Awnu 
CalatMu, m, pith; f, wood; v, bast; p, pericaxn- 
bioxn ; e, endodermis; c, cortex (x 90). 
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lie, as in Allium, towards the interior, the small ones towards the 
periphery. The bast (v) alternates, as nsual, with the wood rays. 
They are separated laterally by a single or double layer of 
parenchymatous ground-tissue cells, and outwardly are separated 
from the endodermis by a unilamellar pericambium (jp). The 
endodermis consists of flattened, thin- walled cells. The endodermis, 
the pericambium, and all the other ground-tissue cells in the axial 
cylinder, are usually closely filled with starch ; thereby the bast- 
portions, from containing no starch, show up specially clearly in 
the figure. The cells of the inner cortex are separated into 
unilamellar layers by numerous air canals. In the periphery 
the cortical cells are crowded together into a firm, strong, multi- 
lamellar sheath. The outermost, hypodermal cortical layer 
consists of radially elongated cells, and here, as in other roots, 
forms an outer endodermis, which persists, whilst the epidermis 
itself dies and is destroyed. If potash solution is run in, the 
starch disappears out of the cells, and the existence of dark 
shadings on the radial walls of the endodermis can be clearly 
determined. On the inner endodermis, as treatment with sul- 
phuric acid shows, only the band which forms the shadings is 
cuticularized, while of the outer endodermis the whole cell-wall 
is. The- cells of the outer endodermis contain resin. This 
endodermis has a mechanical significance ; it serves here for the 
protection of the surface, and of the axial fibre- vasal cylinder. 
Through the cuticularization they have acquired a diminished 
extensibility and an increased solidity. In order, however, that 
the passage of fluids between the axial fibro-vasal cylinder and 
the cortex may remain possible, the inner epidermis is especially 
cuticularized only on the radial walls. * 

A cross-section through the root of Iris ftorentina shows in its 
axial fibro-vasal cylinder the greatest resemblance to Acorus, but 
in it, on the other hand, the endodermis is differently constructed 
(Fig. 55). The cells themselves (e) are unilaterally thickened* 
always on their side towards the interior, into the form of the 
letter U, and the thickening mass is beautifully stratified. At 
isolated points an unthickened cell occurs, and it can be determined 
that, whenever present, such a cell (/) always lies in front of 
a ray of the wood. These cells have been called " passage cells." * 
They are permeable, and maintain the union with the surrounding 
cortex (c). In concentrated sulphuric acid the thickening layers 
of the endodermis swell and are dissolved ; only the cuticularized 
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middle lamellsB, forming a deKcate layer aronnd the endodermis 
cells and also aronnd the passage cells, remain. Similarly, the 

middle lamellsB between the 
vessels and in the pith are not 
dissolved, and form a delicate, 
brownishryellow network. A 
tangential longitndinal section, 
which skirts the endodermis, 
shows ns that the longitndinal 
stripe of this endodermis which 
lies ontside the wood portions 
consists of an alternation of long 
thickened cells and of short, 
nnthickened passage-cells, with 
abundant cell-contents. Here 
and there two such passage- 
cells follow one another. 

The roots of the dicotyledons 
are less favourable for study 
than those of monocotyledons. 
After we have obtained an in- 
sight into these latter, it will not, however, be difficult correctly to 
interpret the former. We first prepare a cross-section from the 
base of a strong adventitious root of the runner of Ranunculus 
repens [the creeping buttercup, abundant everywhere by roadsides 
and in pastures]. The axial fibro- vasal cylinder does not appear so 
sharply defined towards the cortical tissue as it is in monocotyle- 
dons. With careful observation, however, we find here also, at the 
boundary of both, the endodermis marked with its dark shadows. 
According to the strength of the root, the wood in the axial 
cylinder is in four or five rays; the great vessels here also lie 
towards the interior, the small ones outwardly. In monocotyledons 
the innermost vessel is often distinguished by its special size ; in 
dicotyledons this is seldom the case, and is not to be observed in 
Ranunculus, The wood rays in Ranunculus reach the centre of the 
cylinder, and here amalgamate more or less completely with one 
another.* Yet, if at all, the innermost vessels are only completely 
formed quite late, and remain mostly in the form of thin- walled. 


Fio. 55.— Part of a cross-flection thronfirli 
the root of Iri* fiorentina, e, endodermis ; 
p, pericambinm ; f, passage-oells ; v, bast; 
8, vessel in the wood ; e, cortex (x 240). 


* In the adventitions roots npon the rhizome of IZv repeiu, according to de Bary, Com- 
parative Anat. (Eng. trans., p. 365-6, and Fig. 165), the axis of the cylinder is occupied by 
one large vessel or pitted dact. [Bn.] 
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elongated cells. The bast bundles alternate witb those of the 
wood in the customary way. 

The roots of the vascular cryptogams are simpler, but are con- 
structed on the same type as are those of the phanerogams. 

The processes which lead to the secondary increase in thickness 
of those roots of Dicotyledons and Grymnosperms which are capable 
of it, we will follow out in Taxus haccata (the Yew). For this 
purpose we procure a piece of root with young uninjured branch- 
lets. We take a cross- section through a root about ^V ^^h in 
thickness. The surface of it is composed of a parenchymatous 
cortex at least ten cells thick. The outermost cell-layer of the 
cortex is not sharply limited, as a true epidermis is wanting. The 
centre of the section is occupied by the axial fibro- vasal cylinder. 
This is surrounded by an endodermis. This consists of flattened, 
thin-walled,* corky cells, whose walls are brown, and whose 
diameter is manifestly like that of the cortical cells. These cells 
show, on the radial walls, the characteristic dark shadings. Around 
the endodermis is developed a ^'strengthening layer," likewise 
unilamellar ; its cells have the width of the other cortical cells, 
but are, however, distinguished in their radial walls by a thick, 
shining, yellow ring. These annular thickenings correspond in 
adjoining cells, and therefore give in cross-section the figure of a 
bi-convex lens. The axial fibro-vasal cylinder shows a diametrically- 
placed, diarch, ligneous body. At the opposite ends of this stand 
the narrow, dark-looking spiral vessels. Further inwards from 
these extends a band of the tracheides, with bordered pits, of the 
kind characteristic of ConifersB. They can be readily recognised 
by their clear yellow, strongly-thickened walls. The tracheides^ 
extending inwards from the two groups of spiral vessels, are 
amalgamated firmly together into a single straight plate in the 
midst of the fibro-vasal cylinder. On each side of the tracheides 
lies a, in the main, two-layered band of ground-tissue cells, with 
narrow cavities, thin walls, and containing starch. To these 
adjoin the still smaller-celled tissue of the thin-walled bast. 
Finally, we find on the other side of this last a sheath, about four 
layers thick, of larger starch-containing cells. These last cells 
close together into a complete circle, which, against the spiral 
vessels, appears greatly reduced ; this represents the pericambium. 


• The iinthickened walls of the endodermis cells of most dicotyledonoas roots stand in 
manifest relations with the general power of increaae in thickness of their axial fibro-vaial 
cylinder. [Bd.] 
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Now examine a cross-section of about -j^ inch in diameter, and 
we shall see that on both sides of the plate of tracheides the layer 
of the ground- tissue, impinging on the bast elements, has com- 
menced to divide. It is converted into a streak of camhium, which 
henceforth cuts ofE internally tracheides, externally bast, and on 
both sides medullary rays. We will take a view of the further 
activity of this strip of cambium in a root of -^ inch thick, and at 
the same time inform ourselves as to the subjoined Figure, 66. The 



Fio. 56.— Cross-section of a root of Taxw hacccda, after the commenoement of its increase 
in thickness, c, cortex; m, strengthening layer; e, endodermis, or bnndle-sheath ; p, 
pericambinm ; 8, spiral vessels; t', primary band of tracheides ; f, bands of groand-tissae ; 
f% secondary tracheides with medullary rays ; v", secondary bast ; v', crashed primary 
bast ; fc, cells in the secondary bast with crystals in their walls ; r, resin-containing cells 
in the pericambinm (x 42). 

cross-section shows first the relations already known to us; the 
cortex (c), which, however, has lost the hairs from its outermost 
layer of cells; the outer strengthening layer (m), the endodermis 
(e), and the axial cylinder. The outermost cell-layer of the 
pericambinm has in the meantime begun to divide by tangential 
walls, and changed into a still thin periderm. On both sides of 
the plate of tracheides (t') we see the inner inactive layer of the 
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groimd-tisstie (/), the so-called ''connective tissue"; further on 
the newly -formed and radially-arranged tracheides (f)^ with 
nnmerons interpolated medullary rays. It is easier to obtain 
information as to these relations if a little potash solution is added 
to the preparation. The vessels («) at the ends of the central 
plate stand out clearly, with dark outline. The central plate of 
tracheides (*'), as well as the secondary tracheides formed by the 
cambium (if), are stained a beautiful yellow ; the connective tissue 
remains white. The wood bands, secondarily developed, have a 
plano-convex outline ; at their ends they run out into points, but 
do not as yet join outside the vessels. At the outer margin of the 
ligneous body we find the cambium, and outside that the secondary 
bast {v"), which after the action of potash appears white, but in 
which, however, single cells (A;) appear black. These are the cells 
in the walls of which crystals of oxalate of lime have become 
embedded. The primary bundles of bast (v) are found crushed 
on the outer side of that which is secondarily produced. In the 
pericambium, after potash, far more clearly than before, single 
indefinite cells show up by their yellow-brown contents ; they 
contain resin. The cork-layer, developed from the outermost 
pericambium layer, is coloured yellowish-green by the potash, the 
thickening rings of the strengthening layer a bright yellow. The 
endodermis is crushed by the cork-layer. 

We will still further examine the cross-section through a root 
about -j^ inch thick, which has already cast off its cortex, and 
shows a dark-brown surface. The cross-section shows us a com- 
pletely closed woody body, and the figure of it would not be 
distinguishable from that of a cross-section of a stem of similar 
thickness, were it not that the place of the pith is occupied by the 
primary plate of tracheides. The vessels at the edge of this plate 
are now difficult to recognise. The plate is enclosed in the starch- 
containing connective tissue, which here compensates in a way for 
the medullary sheath, and into which the oldest medullary rays 
open. The two ligneous bodies have joined in front of the groups 
of vessels, and the medullary rays at these places are hardly longer 
noticeable for their special width. The surface consists of the 
. annular, closed cork-sheath, produced by the outermost layer of 
pericambium. The secondary bark consists of the secondary bast 
and the elongated medullary rays ; the tissue here representing the 
primary cortex is formed from the enlarged and partially multi- 
plied cells of the pericambium, filled thickly with starch. 
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Longitudinal sections throngli these roots are of interest in so 
far that we first with the aid of such determine that the central 
plate of tracheides consists of just the same elements as the 
secondary wood. We again find the spiral vessels at the edges 
of this plate, and determine that the cells of the endodermis have 
only small height, while those of the strengthening layer are far 
larger, and even surpass in height the contiguous cells of the 
cortex. With corallin*the tracheides stain, alike in cross and 
longitudinal sections, a beautiful corallin-red, and the sieve-plates 
stand out in the primary and secondary bast. The rings of the 
strengthening layer also eagerly take up corallin. 

[Dicotyledonous roots, as a rule, have stellately arranged wood 
portions, instead of the two only which are present in the Yew. 
In all which thicken the same essential plan is, however, carried 
out ; streaks of cambium appear on the external side of the wood 
opposite to each portion of bast ; gradually the cambium streaks 
extend and join into a ring which encloses all the primary wood 
and excludes all the primary bast, and forms wood internally, bast 
externally, and medullary rays on both sides. In some cases the 
medullary rays formed opposite to the primary bundles of wood 
remain far broader than the others, and the ligneous mass con- 
tinues to be rayed, the broadening rays, however, being alternate 
to the original rays of wood ; but as a rule these medullary rays 
are not distinguishable from the others, and the wood is formed in 
rings, with the cambium, and outside that bast, just as it is in the 
diarch fibro-vasal cylinder of the root of the Yew.] 


NOTES ON CHAPTER Xn, 

^ De Bary, Comparative AnaU (Eng. trans.), p. 361; there find the older 
literature ; Olivier, Ann, des Sc, Nat. Botanique, Ser. VI., Bd. XI., p. 6, etc. 

3 Compare v. H6hnel, Stzbr, d. kait. dkad. d. Wissensch, in Wien, math. 
n(fturwis». CI. Bd. LXXVI., I. Abth. 1877, p. 642 ; OUvier, I.e. [This is 
called the " suberose layer," by Van Tieghem, Traiti de Botanique, p. 686. The 
" pericambium," in reference to one of its usual functions, has been styled the 
" rhizogenic layer."] 

» Sohwendener, Abh. d. kgl. Akad. d. Wisi. in Berlin, 1882. Die Schutz- 
scheiden und ihre Verttdrkungen. 

^ Compare herewith Sohwendener, as above, p. 13. 


YASCUtAR BUNDLES OF AC0TTLBD0N3. 145 


CHAPTEB^Xm. 

THE VASOULAB BUNDLE OF THE PERNS AND LTOOPODIAOE JS 
[CliUB-MOSSES]. 

Matekial Wanted. 

Leaf -stalks (base of) of the Bracken fern (Pteri$ aquilina). Fresh, or 

in alcohol. 
Leaf -stalks of the Polypody fern (Polypodium vulgare). Fresh/ or in 

alcohol. 
Leaf -stalks of the Harts' tongue fern (ScohpendHum vulgare). Fresh, 

or in alcohol. 
Steins of Club-moss (Lycopodium, sp.). Fresh, or in alcohol. 

Wb will now make ourselves acquainted with the structure of 
the Tascular bundle in the stem and leaves of the Ferns. The 
vascular bundles are here constructed concentrically, whereby the 
wood is completely, or almost completely, invested by the bast. 
As object of investigation we select Pteris aquilina [the well- 
known Bracken fern]. The relations of the vascular bundles 
are here the easiest to master, although the object, on account of 
the numerous sclerenchyma fibres in the . ground- tissue, is not 
exactly a good one for preparation. It is best to cut the rhizome 
close behind its growing end, or the leaf-stalk [rachis] of a leaf 
that is still young. In such sections the vascular bundle will 
be found already fully developed, while the characteristic thicken- 
ing of the ground-tissue is still wanting. The structure of the 
vascular bundle is the same in rhizome as in leaf-stalk, and 
should serve to illustrate the accompanying figure, 57, which 
shows us the cross-section of a vascular bundle from the base 
of a leaf-stalk. On account of the space which they occupy, a 
small bundle has had to be selected for representation ; still, all 
the elements entering into its composition can he sufficiently 
well represented in the figure. The first things to strike the 
eye are the great scalariform vessels ; but the lesser vessels are 
thickened in the same way, and only the small protoxylem 
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elements at the two ends of the wood have a spiral thickening 
(«p). Where the vessels are not in contact, they are bounded by 
flattened starch-containing cells (Jp)j which, here also, we can 
designate wood-parenchyma.^ Vessels and wood-parenchyma to- 
gether form the wood, which is almost enclosed by the bast. This 
last borders on the wood-parenchyma with sieve-tnbes (v), whose 
companion-cells (s) are the cells with narrower cavities, which 



Pio. 67.— OroBg-secti(m through a yascnlar bnndle from the leaf -stalk of Pteris a^uttnui. 
•e, Bcalarilbrm yesaels; tp, spiral TesBels; in the scalariform Tessel «e» a piece of a 
ladder-like wall is broken through; Ip, wood-parenchyma; v, sieye-tubes; «, companion- 
cells ; pr, protophlo^m ; pp, periphlofon [bast-sheath] } e, endodermis [bundle-sheath] ( x 240). 

follow towards the exterior. These companion-cells have abundant 
contents, which, hpwever, is, as the ad^tion of iodine shows, not 
stardi but protoplasm. Starch-containing cells are also found here, 
but isolated. The periphery of the bast is occupied by a layer of 
still narrower thick- walled elements — the protophloem. The bast 
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is STtpronnded by a simple layer, thickly filled with starch 0?p), 
which in its position, hut not in its origin, shows resemblance with 
the pericambium, and may be called periphlo§m. [This layer is 
also known as the bast-sheath.] This sheath is surrounded by 
the thin- walled, but starch-free and corky endodermis (c), which 
shows the dark shadings on the radial walls. The cells of the 
periphloem [bast-sheath] and endodermis correspond with one 
another, and point to a common osigin out of the same mother 
dells. The wood is bounded at its two edges, first by its covering 
la/er of wood-parenchyma, and then directly by the elements of 
the periphloem or the protophloem. At these two places, there- 
fore, the bastL is either completely, or almost completely, inter- 
rupted, while such an interruption can, however, be wanting in 
other ferns. The walls of the endodermic cells are very commonly 
torn in cutting, whereby the vascular bundle is separated from 
the ground-tissue. The cells of the ground-tissue bordering on 
the endodermis are strongly thickened here and there, and then 
coloured yellow-brown. The crossrsection through the rhizome 
shows, under the deep-brown epidermis, a brown and cutinized 
parenchymatous tissue, which further towards the interior is 
Colourless and full of starch. This starch-containing ground- 
tissue is traversed by the fibro-vasal bundles, and by reddish- 
brown sclerenchyma-fibres. These latter form bands between, 
and running more or less parallel to, the vkscular bundles. The 
vascular bundles lying towards the periphery are supported on 
their outer side, immediately adjoining the endodermis, by similar 
sclerenchyma-fibres, which here represent the mechaaical tissue. 
In the interior of the leaf -stalk the relations are similar; but 
here there is, in addition, a hypodermal ring of reddish-brown 
sclerenchyma-fibres, which underlies the epidermis. The longi- 
tudinal section through the rhizome, or the leaf -stalk, shows most 
prominently the scalariform vessels. The end walls of these are 
sharply inclined, with ladder-like bordered pits, partially broken 
through.^ On the side walls, separating the two vessels, it is now 
easy to determine that the horizontally elongated pits are bordered 
on both sides (the closing membrane possesses a thickisned torus). 
On the wall of those vessels which adjoin a wood-parenchyma cell 
the border is, on the other hand, only unilaterally developed, on 
the iside of the vessel (the closing membrane has no torus). The 
longitudinal section may also have cut through one or the other of 
the spiral vessels, and the sieve-plates of the sieve-tubes may also. 
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but only with most careful examination, be disclosed. . We can 
make the latter somewhat clearer with the aid of corallin, and 
determine that the terminal sieve-plates are sharply inclined and 
divided by thickened bands into numerous areas. Besides these, 
the lateral walls of the tube also bear roundish sieve-pits. Near 
the sieve-tubes can be recognised the narrow companion-cells with 
finely granular contents and nucleus ; in contact with the vessels, 
the sta«*oh-contaming, comparatively short, wood-parenchyma cells. 
Like to these last are shaped the starch-containing cells of the 
periphloem (bast-sheath). The red-brown, long, pointed scleren- 
chyma-fibres of the ground- tissue show fine pores in their walls. 

It is of some interest also to examine a cross-section of the 
leaf-stalk of Poh/podium vulgare [the common Polypody fern]. 
The vascular bundles here are very thickly sheathed; but this 
sheath does not indicate the endodermis, but a strengthening 
layer. This strengthening layer, only one cell thick, is thickened 
only on the inner side, and the thickening layers are there coloured 
dark-brown. The true endodermis follows internally to this 
strengthening layer, and is scarcely recognisable, it is pressed so 
flat by this layer. Following internally is the unilamellar, starch- 
containing periphloem; then the tissue of the bast, consisting 
of cells of almost like width. The companion-cells are, however, 
distinguishable by their contents, and, as is thus proved, are here 
mingled with the sieve-tubes. The closely adpressed vessels are 
surrounded externally by a simple layer of starch-containing wood- 
parenchyma, which, at the two narrow ends of the wood, can reach 
to the periphloem. 

We further prepare a cross-section through the leaf-stalk of 
Scohpendrium vulgare^ where we find two vascular bundle$ fused 
into a single one* Two ligneous masses lie apparent in one 
vascular bundle, more correctly in one bundle-complex, and either 
placed side by side, or, as more- commonly seen, joined at one part 
into a figure of X- The stronger arms of the figure are turned 
towards the upper side of the leaf -stalk. At the edges (ends) of 
each arm appear the smaller vessels. From the edges of the upper 
arms smaller bundles are often seen to branch. The cells of the 
bast are all of similar size ; but here again the companion-cells are 
readily recognisable by their contents. They are intermingled 
with the sieve-tubes. At the flanks of the figure the periphloem 
appears multilamellar and somewhat more strongly thickened. 
The outer boundary of the bundle-complex shows to be hollowed 
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out, somewhat fnirow-like, at three places, namely aboTe and on 
the two flanks ; here succeeds to the endodermis in each place 
a plate of red-brown sclerenchyma-fibres, thickened almost to 
the disappearance of the cell-cavity. Still higher in the leaf 
the wood assumes universally the form of a X- The three 
strengthening strings of sclerenchyma are however, even if re- 
duced, always present. 

Comparatively more complicated appears the axial vascular 
cylinder of the species of Lycopodium [Club-mosses]. The rela- 
tions, however, of this will no longer be so difficult after we have 
seen the united vascular bundles in the leaf-stalk of Scolopen^ 
drium. In Lycopodium we have, in fact, to do with a combina- 
tion of numerous 

vascular bundles, ^ 

like to these, into 
an axial vascular 
cylinder. For 
investigation, 
we select Lyco- 
podium complana- 
turn; but an- 
other species will 
serve equally 
well, since in all 
species of Lyco- 
podium the rela- 
tions in question 
recur with un- 
important devia- 
tions. We some- 
what lighten our 
task by colouring 
the cross-section at the same time with safcanin solution. The 
accompanying sketch (Fig. 58) will serve, however, to give some 
information. We find in the cross-section of Lycopodium complanor 
twm, most externally the epidermis (ep) ; then the cortical cells, 
which first have wide cavities, but further towards the interior 
diminish in width and increase in thickness, and so form a firm 
Bclerenchymatous sheath, which we will distinguish as the outer 
Bheath (ve). These strongly -thickened cortical elements, moreover, 
leave between them small intercellular spaces filled with air. The 



Fig. 69.— Cross-section throu^ph the stem of Lycojtodium corn. 
planatum. «p, epidermis ; w, outer sheath ; in, inner sheath ; 
pp, periphloSm ; tc^ scalariform vessels; sp, annular and spiral 
vessels; v, bast (x 26). 
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outer cortical cells have stained more cherry-red with the sai&a- 
nin ; the inner, strongly-thickened ones, more rose-red. The 
thickened elements of the cortex cease suddenly, and there succeed 
two or three layers of polygonal cells, elongated somewhat tangen. 
tially, and united without gaps, which are coloured cherry-red. 
These cells have here the position of the endodermis, but they are 
present in several layers, without the undulated band or the 
characteristic thickening. On the other hand, like the cells of the 
endodermis, they are cuticulariEed, and withstand sulphuric acid 
well. We will designate this sheath, therefore, as the inner sheath 
(m). Further in follow several layers of equally wide cavitied cells, 
of like diameter with one another in the cross-section, often contain* 
ing starch, and with walls white and shining, as if swollen. With 
shorter action, these are not stained ; with longer, they are orange- 
red. These cells are here found in the position of the pericam- 
bium, and may therefore, as in the Ferns, be called periphloem 
(pp). We now notice the xylem bands stained beautifully cherry- 
red. They consist of broad scalariform vessels (»c) in immediate 
contact with one another, i.e., without intermediate cells, and, at 
the narrow edges, of protoxylem elements, i.e., of narrow cavitied 
annular and spiral vessels (sp). The ligneous bands in Lycopo- 
dium complanatum run across the cylinder, and more or less 
parallel to one another. They are somewhat concave on one side, 
on the other correspondingly convex ; and we can determine, if we 
take note of the natural position of the rising stem towards the 
earth, that the bands appear parallel to the surface of the earth, 
and always with the concave side turned upwards. The small 
vascular bundles of the leaves, after they have entered into the 
centi^ cylinder, join on to the spiral-vessel group of a ligneous 
band, just as in the Ferns. The ligneous bands not infrequently 
anastomose, an example of which can be seen in the lower bands 
of the sketch (Fig. 58). In the erect stems of Lycopodiwm Selago 
the whole of the ligneous bands are. combined, and form a star. 
The ligneous bands are surrounded by a single layer of thin- 
walled, narrow-cavitied cells, which we, as^ in the Ferns, can desig- 
nate wood-parenchyma cells. At the edges they pass, with their 
protoxylem elements and wood-parenchyma cells, out to the tissue 
of the periphloem. Between the bands formed by the wood lie 
cells with white, strongly refractive walls ; they have narrow 
cavities, only a middle row is distinguished by somewhat broader 
cavitieTs. These bands of tissue separating the portions of wood 
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form the bast ; the larger elements in this latter are the sieve-tubes 
(v). In specially favourable cases of staining, the walls of the 
sieve-tubes are rose-red, while the other elements of the bast re- 
main colourless. At the edges of these bands of sieve-tubes the 
protophloem elements are distinguished by the narrowness of 
their cavities. With these protophloem elements the sieve-tubes 
reach the periphloSm, the considerably larger cells of which show 
up clearly against the wood and bast. At the inner limits of the 
periphloSm, the innei^ part of the fibro-vasal cylinder, consisting 
of the wood and bast, can be easily broken away in cutting the 
sections. The longitudinal sections show us : most externally, the 
epidermis ; then, the broad cortiolil cells runtdng obliquely towards 
it ; further, the solerenchyma fibres of the outer sheaUi ; after this, 
the inner sheath of elongated parenchyma ; the periphlo@m with 
white, thicker Walls, and cross- walls situated obliquely; the 
scalarif orm vessels, and the narrow, in part very greatly stretched, 
annular and spiral vessels ; finally, al^, the elements of the bast. 
These last consist of very elongated cells, joining with one another 
with more or less oblique end- walls. With the aid of corallin and 
aniline^blue it is possible, but very difficult, to recognise the com- 
paratively inclined sieve-plates. Only the broader cells in the 
bast are sieve- tubes ; the much more numerous, narrow cells, filled 
with bright granular contents, are companion*cells. 


NOISES TO OHAPTEB Xtll. 

[^ The wood-parenchyma of the vasciilar handle of Fems is very generally 
designated ** paddng cells.**} 
* Ck)mpare alao de Bary, Comparative Anatomy (Esgl. tranriation), p. 170. 


152 SECONDARY PEYSLOPMElTrS IN COBTEX. 


CHAPTER XIV. 
COBE, LENTICELS; THE FALL OF LEAYES. 

Matebial Wanted. 

Tmgs of the Elder {Sambuctis nigra) about ^ in. thick ; ditto about 
. \ in. thiok. Fresh, or in aloohoL Pretty old twigs of the Laburnum 
{Cytistu Lahvmum). Fresh. Fine bottle cork. 

Pretty old twigs of the Eed Currant (Ribea ruhrum). Fresh. Base of 
leaf -stalks, with piece of twig attached, of the Horse-Chestnut 
(jEscuhM Hippocastarmm). In autumn. Fresh, or in alcohol. Or 
the same of the Kentucky Coffee-tree {Qymnoclad^is caviadensis), 
the Bastard Acacia (Bohinia Pseudo- Acacia), or one of the Poplars 
(Populus dilataia). 

Strong leaves of Qymnocladus canadensis, or Ailamihus glcmdulosa. 
Fresh. Or of the Ash {Fraxinus eg^celsior) or the Walnut {Jtiglans 
regia). 

We have already, upon various objects, had the opportunity of 
making ourselves acquainted with the position and structure of 
cork. None the less will we once again turn our attention to this 
object, in order to study on tkhe one hand the Lenticels, and on the 
other hand the structure and reactions of the wall of cork cells.^ 

Cross-sections through a twig, about ^ inch thick, of Samhttcus 
nigra (the Elder) show ns around the large-celled pith the sepa- 
rate fibro-vasal bundles already bound into a ring by the interfas- 
cicular cambium. The cambium ring has also already commenced 
its activity, and in the fibro-vasal bundles, as well as also between 
them, has formed in the usual fashion, inwardly secondary wood, 
outwardly secondary bast. The primary bast appears out- 
wardly supported by sclerenchyma fibres. The cortex is 
from ten to fifteen cells thick. The projecting ridges of the 
stem exhibit a strong hypodermal sheath of coUendLyma, which 
in the grooves is reduced to a layer two or three cells thick. 
Under the stomata the coUenchyma-sheath is interrupted by 
the green cortical parenchyma, which here extends to the 
epidermis. In parts of the stem about ^ inch thick the for- 
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mation of cork-layer commences, always by tangential division 
of the outermost cdllencliyma-cells immediately bordering on the 
epidermis. The inner of 
the sister-cells thns pro- 
duced again divides, and it 
is then the middle cell [of 
the three radially-disposed 
^ cells], which further acts as 
a cork-cambium cell. This 
is easy to recognise, even 
after the periderm has be- 
come multilamellar (Fig. 
69, ph) . Outermost in each 
[radial] row lies the outer, 
while innermost lies the 
inner portion of the original 
collenchyma cell (cZ) ; the 
flattened cell (ph), bounding 
the inner portion externally, 
is the cork -cambium or 
phellogen-cell. In fortunate 
cross-sections we can, more- 
over, determine that the f or- 



Fie. 69.— Cross-seetion through the surface of a 
young stem of Sambuous nigra. Epidermis ; ph. 
phellogen ; cl and el, outer and inner'parts of the 
original coll«ichyma cell (x 240). 


mation of a connected cork-layer is preceded by a peculiar process, 
which commences under the stomata. The primary cortical cells 
which surround the air-chamber commence to divide, and the 
divisions encroach laterally upon the surrounding collenchyma 
cells. Soon is formed under the stoma a layer of dividing cells in 
the form of a meniscus (Fig. 60, pi), which produces externally 
colourless cells, which become rounded (Z), and internally cork- 
cells, or Phellem (pd). The outer cells are distinguished as 
packiag-cellB.* They become brown, but not corky; and moreover, 
as they increase in number, they soon cause such a pressure on the 
epidermis that this is torn into fissures. In this way is produced 
the cortical pore, or lenticel. If a twig is examined with the 
naked eye, the lenticels appear as grooves, surrounded by two 
lip-like cushions. The brown colour of the packing-cells is 
specially noticeable. On younger parts of the stem the lenticels 
appear as oval, somewhat projecting spots. Still younger stages 


•PuUzellen* translated by Bower & Scott (De Bary, Com|>. ^nat.),a8 "complementary 
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are marked ont by somewhat brighter colour. The section must 
be taken through such places in order to show the youngest stages 
of development. Not till after the splitting of the epidermis do 
divisions begin in the neighbouring collenchyma, which result in 
the formation of the periderm. The packing-cells of the lenticel 
are separated from one another ; proportionally as they outwardly 
undergo disorganization, they are replaced by the action of the 
cambium. The intercellular spaces of the packing-cells are fiUed 
with air ; between them is communication of the inner tissue of 
the stem with the surrounding atmosphere. They compensate, 
therefore, for the stomata in older parts of plants, in which the 



Fie. 60.~Gro88.8ection through a Lenticel of Sambueiu tit^ra ; e, ej^dermis; p\, phellogen ; 
I, packing cells ; pi, cambium of the lenticel ; pd, pheUem ( x 00). 

cork-formation has beg^un. For the winter, somewhat more com- 
pact and resistant packing-cells are formed. A specially formed 
closing layer of narrow cells close together is not present in 
Sambucus in winter, while they are met with in many other plants, 
as also are intermediate layers, which, formed just like the closing 
layer, are from time to time interposed between the packing cells 
during the period of vegetation. The cells of these closing and 
intermediate layers become corky, but allow radially running 
intercellular spaces between them; so that they do not effect 
complete closxLre.' In older parts of the stems of Sambucus the 
periderm has longitudinal clefts. These pass through the lenticels, 
without, however, injuring them. The lenticels persist even on 
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quite old stems, while the outer layers of periderm between them 
scale off. 

It is recommended to study the structure of cork-cells in the 
first place upon Gytisus Laburnum [the Laburnum], because here 
they are remarkably thickened. Cross- sections through the cortex 
of older stems show the periderm formed of only one kind of 
cork-cells. These cork-cells are arranged in regular radial rows. 
The youngest cork-cells are colourless, the older coloured yellow, 
the oldest yellow-brown. Those lying at the periphery appear 
tangentially stretched, often to the disappearance of their cavity. 
All these cork-cells are greatly thickened, especially on their outer 
side. In them can be readily distinguished, even without the aid 
of reagents, the delicate middle-lamella, or primary membrane, 
separating the cells, a strong, distinctly laminate, secondary 
thickening-layer, and, on the inner side of this latter, a tertiary 
thickening-layer. Consequently each complete wall separating 
two cell-cavities consists of five distinct layers: — ^the middle- 
lamella, which here represents the primary cell-wall, and is 
lignified ; the two secondary thickening-layers, which alone are 
corky ; and the two tertiary thickening-layers, which often retain 
their cellulose character and are therefore distinguished as cellulose- 
layers, but here, however, are a little lignified. With chlorzinc- 
iodine the cork-cells colour yellow to yellow-brown, the younger 
darker than the older, their tertiary layers the darkest. The cha- 
racteristip reactions of the cork-material or Snberm are obtained 
by potash, maceration-mixture, and chromic acid.^ We first treat 
the sections with potash, and determine that the cork-cells become 
yellow. We warm the section carefully under a cover-glass upon 
the object-slide, and find at once that the intensity of the yellow 
coloration has increased. With the maceration-mixture (chlorate 
of potash and nitric acid) we obtain a reaction for Ceric acid. If 
unwarmed, the mixture first acts by colouring the cork-cells 
yellow-brown, besides which all their parts become clearer. If 
.the preparation is now boiled upon the object-slide, if necessary 
more of the reagent being added, soon of the whole section only 
the corky layers of membrane remain behind ; these finally swell 
and fuse into a colourless, globular mass. It is the so-called 
Ceric acid, which is readily dissolved in alcohol, and still more 
so in ether. If pretty concentrated solution of chromic acid is 
permitted to work upon the section, of this there finally remains, 
as before, only the corky layers of the cork-cells. After a 
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longer time ttese themselves become so transparent tbat it is 
difficult to find them again, although they do not disappear. 
^N'otwithstanding that the middle-lamellsB have been dissolved, the 
secondary thickening-layers adhere to one another. 

The bottle-cork (of Quercus suher [the cork-oak]) consists of 
almost cubical, thin-walled, comparatively large cells, which 
gradually pass over into somewhat more strongly thickened, 
flatter cells, marking the limits of the year's production, to which 
the cubical cells again succeed. Addition of potash solution 
Qolours the section yellow, and first of all the somewhat thicker 
walled cells marking the year's limits. Upon these it can now be 
determined that here also each [double] wall consists of five 
layers, just as we found it in Cytisus. Here also the tertiary 
thickening layer does not give at first the cellulose reaction^ 
excepting after corresponding treatment. , The reactions for 
suberin occur here more beautifully than in Cytisus, especially the 
Ceric acid reaction. 

Often from the phellogen are formed not only centrifugal 
cork-cells, but also centripetal cortical cells, the so-called 
Fhelloderm. Rarely, however, does this phelloderm attain 
such a decided thickness as in the species of Bihes. If we 
prepare cross-sections through older stems of Bihes ruhrum 
[the Red Currant], we find under the thin-walled brown cork- 
layer, first, the phellogen, then a thick layer of chlorophyll- 
containing cortical cells. These last also are arranged in radial 
rows, which coincide with those of the neighbouring cork. In the 
inner part of the phelloderm the radial arrangement is lost, in 
consequence of subsequent extension. The innermost phelloderm- 
cells border on the coUenchyma of the cortex. All the structures 
proceeding from the phellogen are collected under the term 
periderm; in Bihes, therefore, the periderm consists of cork 
(phellem) and cork-cortex (phelloderm). It is also of interest to 
take sections through this year's stem of Bibes rubrwm, in which 
the cork formation has for a short time begun. We can here see 
the first commencement of the phelloderm formation, and at the 
same time determine that in the plant in question the phelloderm 
is situated pretty deeply in the cortex. The more external tissue, 
cut ofE by the cork-layer from access of sap, perishes, becomes 
brown, and forms the so-called Bark. 

The fall of foliage leaves in autumn * results from the inter- 

* What follows is a translation of pp. 240-241 of the larger work, Das Botan- 
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position of a separatdiig layer [or what we may call an absciss 
layer] whicli is formed earlier or later during the period of vege- 
tation, and which cuts across the articulation of the leaf-stalk. 
This absciss layer is the only new formation the existence of 
which can be proved at the base of the leaflets of a compound 
leaf, and also at the base of the primary leaf-stalk of many leaves 
(as those of ferns, and numerous phanerogams); the scar is then 
somewhat later closed by a cork-layer, or, as in the ferns, by 
simple drying of the surface cells. In other cases, on the other 
hand, before the fall of the leaf, is formed at the base of the 
primary leaf-stalk a periderm, separated from the absciss-layer by 
a few layers of rounded cells, and which, after the fall of the leaf, 
is only brought into a state of more active development. * We 
will examine the processes a little more closely in jSSscuIus Hippo- 
castanum (the Horse- Chestnut), during the fall of the leaf. The 
research is carried on upon alcohol material just as well as upon 
fresh, so that we can become independent of the time of the year. 
The absciss-layer, as well as the cork- layer, lie-in the position 
which is clearly visible externally as the boundary between the 
brown tissue of the cortex and the green tissue of the leaf -stalk ; 
upwards this boundary strikes the angle which the leaf-stalk 
forms with the bud in its axis. We cut off the leaf -stalk, with 
the surrounding parts of the cortex, from the twig, and halve it in 
a median line. We take now a number of delicate longitudinal 
sections with the razor, in which we take care that some of them 
also cut through a fibro-vasal bundle. In such longitudinal 
sections, prepared from fresh material, and examined in water, 
the cork-layer is at once observable, even with low magnification, 
as a clear brownish streak, between the deeper brown cells of the 
cortex, and those of the leaf-stalk. In alcohol-material the cell- 
walls of the corfcex and of the leaf-stalk remain colourless. The 
cork layer is clearly reddish-brown, especially on the cortical side. 
It consists of six or eight layers of cells, and joins on to the peri- 
derm of the twig with its margins. Its phellogen lies on the side 
of the stem. This cork-layer is penetrated by the fibro-vasal 
bundles of the leaf. Separated by some layers of cells from this 
periderm [and on the leaf-stalk side of it] the absciss-layer, only 

ische Practicunij inserted here by request of the Author. I commenced an 
investigation into this subject, still in progress, in the autumn of 1882, in the 
Botanical Laboratory at Bonn, under the guidance of the Author. The leayes 
referred to above were included in that research, and the results, as far as they 
go, substantially coincide with what follows. [Ed.] 
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a few cell-rows thick, rans within the roondifih cells of the leaf« 
stalk, recognisable by its yellow colour, the newly intercalated 
dividing walls, and the more copions contents of its cells, which 
likewise contain small starch-grabis. It is first formed shortly 
before the fall of the leaf, while the periderm was already present 
much earlier, and is continued through the living elements of the 
fibro- vasal bnndle. For the rest, ^e cells of the leaf-stalk are 
almost completely emptied of reserve food materials ; they con- 
tain, as treatment with iodine shows, only a trace of starch. In 
the same way starch is wanting, alike in the leaf and in the cortex, 
within the fibre- vasal bnndle, although in the cortex it is very 
abundantly represented in the vicinity of the fibro- vasal bnndle. 
The thin-walled elements of the fibro- vasal bundle are, on the 
other hand, filled with highly refractive masses, which give a 
tannin reaction. If fresh sections are examined in water, this 
latter commences very quickly to fluoresce with a bluish tone, 
from the saculin which comes out of the stem. Numerous cells 
of the leafstalk contain clusters of crystals, or a smgle crystal, 
of oxalate of lime. PreparationB treated with aceticized methyl- 
green show in the cells of the leaf-stalk a remnant of the proto- 
plasmic sac, the nucleus, and chlorophyll-grains. The yellow 
grains, into which the chlorophyll-grains break up, give to the 
leaves their autumn tint. The fall of the leaf takes place inside 
the absciss-layer, the cells of which become rounded, and so dis- 
united ; the fibro- vasal bundle is torn through in the correspond- 
ing part. The leaf-scar is covered by the roundish parenchyma- 
tous cells, which lie between the absoiss-layer and the cork-layer, 
and therefore at first appears greenish. These cells become brown, 
and dry up quickly in air. The exposed and broken elements of 
the fibro-vasal bundle wither, and their walls, as well as their 
contents, become dark-brown. Under these dedtyed cells a phello- 
gen is now formed also in the fibro-vasal bundle. It arises through 
division of all the elements provided with livings contents. In the 
vessels which are devoid of a protoplasmic cell-body, the process 
naturally is interrupted. These, on the other hand, are quickly 
crushed by the dividing cells. Thus is developed on the leaf-scar, 
a completely closed cork-layer, which farther increases somewhat in 
thickness. Between the cell-rows of this, the flattened and drawn- 
out ends of the vessels can later on be still recognised. The dead 
ends of the fibro-vasal bundles, however, continuously project, to 
the number usually of 5 or 7, out of the shield>like leaf-scar. As 
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a specially favourable object for the study of the processes here de- 
scribed, may be mentioned Qymnocladus canadensis [the Kentucky 
Coffee-tree], where it is at our disposal, and also Bobinia Pseud- 
Acacia [the common bastard Acacia], or Populus dilatata. The 
results of the investigation will agree in the main with the pro- 
cesses above described. If strong leaves of Qymnocladus canadensis^ 
or of Ailanthus glandulosa are laid in a damp, dark chamber, the 
former in about 48 hours, the latter in four days, lose their leaflets 
on the slightest touch.^ Longitudinal sections through the place 
of insertion of their leaves shows that an absciss-layer has been 
formed at their base. Such an absciss-layer commences its forma- 
tion also at the base of the common leaf -stalk at about the sixth 
or seventh day. Under these conditions, however, a periderm is 
not formed under the absciss-layer. Fraxinus excelsior (the Ash) 
and Juglans regia (the Walnut) can also be used in this experi- 
ment. 


NOTES TO CHAPTER XIV. 

' For literature see De Bary, Comparative Anat, (Engl, trans.), pp. 544 et seq. 
V. H3hnel, Stzher. d, math, naturw, CI. d, k, Akad, d» WUs. in Wien, £d. 
LXXVI. 1877. 

» Klebahn, Jen. Zeitschr.f. Naturw. Bd. XVIL 

' Introduced by y. Hdhnel, see above, p. 522. 

^ Yon Mohl, Bot. Zeitung, 1860, pp. 1, 132, 273 ; Bretfeld, Jahrb.f, wiss. Bot. 
Bd. XII. p. 133 ; Van Tieghem et Gnignard, Bull, de la Soc. Bot. de France, 28 
July, 1882. 

* Yon Mohl, as above, p. 27L 


160 ANATOMY OF LEAF-STRUCTUBES. 


CHAPTER XV. 

STRUCTUBE OF FOLIAGE AND OF FLORAL LEAVES. TERMINA- 
TIONS OF THE FIBRO-VASAL BUNDLES. 

Material Wanted. 

Leaves of the garden Rue {Buta graveolens). Fresh. 
Leaves of the Beech {Fagua aylvatica). Fresh. 
Flowers of the Mullein (Verhascum nigrum). Fresh. 
Petals of the Poppy (Papaver RJiceas). Fresh. 

We will now endeavonr, by means of a series of examples, to make 
ourselves acquainted with the structure of leaves. We turn first 
to foliage leaves, and to kinds which exhibit the smallest amount 
of differentiation of their inner structure. Our first example shall 
be Buta graveolens [the garden Eue], the leaves of which also 
usually remain fresh during the winter. The leaves of this plant 
are bipinnate, the leaflets ovate. Held towards the light, these 
leaflets show clear spots ; these are the glands, filled with etherial 
oil, internal glands in the tissue of the leaf. [To the oil contained 
in them the leaf owes its strong smell when bruised.] We take 
first surface views [by means of surface-sections] of the epidermis, 
and determine that the upper side (Fig. 61, A) universally has no, 
or but few, stomata ; these, on the other hand, are numerous on 
the under side (B), Elongated pits, filled with air, lead up to 
the stomata. Above the glands, as can be determined upon either 
upper or under epidermis, lie usually four cells (J., sc). These 
cells form in the centre a shallow depression. In thicker parts of 
the section, where the glands are not opened by the razor, can be 
seen in these a highly refractive yellow drop. With still deeper 
focussing we can determine that under the epidermis of the upper 
side lies a green tissue of cells, which appear round in optical 
section (A,p), These cells are almost completely separated from 
one another, and the intercellular spaces filled with air. Below 
the under epidermis are situated cells, likewise green and rounded 
in optical section, but in much smaller ;^umber (5, s). These cells, 
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also, are separated by air, and leave, especially under the stomata, 
wide air-chambers. After obtaining this information, we proceed 
to cut cross-sections; these we prepare, perpendicularly to the 
long axis of the leaflet, in the manner already known to us ; viz., 
by placing the leaflet, for the purpose of cutting, between two 
pieces of elder-pith. The cross-section shows us the leaf-tissue or 
mesophyUi between the upper and under epidermis. Proceeding 
from above downwards, we see first the epidermis of the upper 
side (Fig. 62, ep'), then a double parallel layer of chlorophyll- 
containing cells, elongated perpendicularly to the surface of the 
leaf, which we call the palisade layers. We already proved by the 
surface-section that these cells are laterally more or less com- 



Fia. 61.— Epidermis and rmderlying tissue of the leaf of Buta graveolens. A, epidermis 
of the upper side ; to, epidermal cells over a gland ; p, palisade cells ; B, epidermis of the 
under side; t, spongy parenchyma. In A, the intercellular spaces, filled with air, are 
■haded ; in £, are left dear ( x 240). 

pletely separated from one another ; on the other hand, the two 
successive layers are closely joined together by their ends. The 
elements of the second palisade layer (pi") are somewhat less 
numerous than those of the first ; and two of the outer palisade 
cells often stand upon one of the inner. To these two palisade 
layers follows a loose tissue, that extends to the epidermis of the 
under side, and forms a net with wide meshes ; this tissue we call 
spongy parenchyma ; it contains fewer chlorophyll-grains than the 
palisade tissue. The cells of the upper layer of spongy parenchyma 
(sp') are fast joined to the inner palisade cells, each one usually 
being attached to several of- the latter cells. None of the palisade 
cells remain with their under ends free ; where this appears to be 
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the case (as in some of the palisade cells in the figure), the junction 
does not lie in the plane of the figure. So also in the spongy 
parenchyma, the cells have no free ends ; the ends of all cells join 
together. The lowermost layer of spongy parenchyma (jsjp'") is 
elongated in the direction of the lower epidermis, and directed 
more or less perpendicularly to it ; here, therefore, we have an 
intermediate formation between spongy parenchyma and palisade 
parenchyma. The air-chambers (a) under the stomata {st) are 
left free. Single cells in the spongy parenchyma contain com- 
pound crystals of oxalate of lime (A;). These cells are devoid 
of chlorophyll, swollen into a barrel-shape, and appear as if 
suspended between the green cells. At the edges of the leaflets 
the outer sides of the epidermal cells are strongly thickened. The 
palisade layer is single at the edges, and passes over, on the under 
side of the leaf into the elongated layer of spongy parenchyma 
(sp"')» The fibre- vasal bundles lie in the spongy parenchyma; 
the largest, the mid-rib of the leaflet, extends on the one side 
almost to the inner palisade layer, on the other side to the under- 
most elongated layer of spongy parenchyma. In the fibre- vasal 
bundles themselves, we recognise readily the darker-looking vessels 
and the lighter bast. The radial arrangement of the elements 
arises from the bilateral [but temporary] activity of the cambium. 
Around the bundle is a sheath of parenchyma, the elements of 
which contain chlorophyll-grains, and which join on to the sur- 
rounding spongy parenchyma. The relations of the smaller 
bundles are similar, as is shown, for example, in the figure. Still 
smaller fibre- vasal bundles (vs), which are reduced to a few 
vessels and bast-elements, are also met with in the cross-section. 
These remain to the last surrounded by a sheath of elongated 
parenchyma. The glands (sc) impinge upon the epidermis of the 
upper or under side. They are circular in outline, clothed by a 
layer of thin- walled, more or less disorganized cells, to which 
follows a layer of flat cells with granular contents, and pretty 
thick white walls. The surrounding chlorophyll-containing meso- 
phyll joins on to these cells. The epidermal cells which lie over 
the gland are flatter than their neighbours. The volatile oil can 
be readily removed by alcohol. 

[The mode of origin of these glands is interesting, especially for 
the purpose of comparison with resin canals. They can be seen 
well in sections of young growing leaves of either this plant, Buta 
graveolenSf or of another nearly-related plant, the Dittany (Dtc- 
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tamnus Fraxinella). It will be readily seen tbat the gland is 
lysigenons in origin ; tliat is, arises from the breaking down of 
cells, instead of from their separation. This breaking down com- 
mences at the centre of the mass of gland-cells. See Fig. 62*.] 

Snrf ace-sections at the base of the common leaf -stalk [petiole] 
show the epidermis elongated, and intermpted alike on the npper 
and nnder snrface by stomata. Oil glands are not wanting. 
Under the epidermis lies a layer of elongated, coUenchymatons 
cells, and then follows the chlorophyll-containing tissue. In cross- 
section, the epidermis is seen to be thickened on its outer side, 
then follows the single layer of thickened collenchymatous cells, 

this layer being wanting only 
under the stomata. The two 
or three layers of palisade-like, 
elongated, green cells are toler- 
ably similarly developed all 
round the stalk, but are looser 
on the under side. To these 
follow rounded cells, the outer 
green, the inner colourless, and 
which get larger more intern- 
ally. In this inner cylinder of 
colourless cells run the fibro- 
yasal bundles, the strongest in 
the vertical median plane, and 
nearer to the under side ; the 
others on either side of the. 
large one, and each with its 
wood portion turned towards 
the centre of the leaf-stalk. 
The larger of these fibro-vasal 
bundles are provided on their 
external side with a string of sclerenchyma fibres. The activity of 
the cambium has also apparently lasted longer in these bundles, 
and it has cut off inwardly secondary wood, and outwardly se- 
condary, thin- walled bast. Only in the inner part of the bundle 
do we see larger vessels ; in the outer portion [of the wood] are 
only tracheides with bordered pits. 

As a second object for investigation, we choose the leaves of 
Fagus sylvatica [the Beech]. On account of the small thickness of 
the leaf, a thin section is here less easy to obtain. It will be well 



[Fig. 62*.— Oil-cavity below the upper 
surface of the leaf of Dtctamniu Fraieinella, 
B, early stage, showing the breaking down 
of the central cells only ; c (shaded), cells 
not yet broken down ; C, mature state ; o, a 
large drop of oil. ( x 320, after Sachs.)] 


STRUCTURE OF THE LEAF. 


165 


to place straight narrow strips of the leaf between the two pieces 
of elder-pith [or, to pack together several of such strips, and then 
place them between the pieces of pith]. Only the epidermis of the 
under side has stomata. Adjoining the epidermis of the upper side 
(ep, Pig. 63), in somewhat radiating groups of cells, is a layer of 
elongated palisade cells (pi). These palisade cells are. more or less 
completely separated from one another by intercellular spaces. 
At their lower ends they bend together into bunches, and to each 
bunch is joined one or several funnel-shaped, broadened cells of 
the spongy parenchyma (sp'). These latter are bound together 
with the elongated cells of the spongy parenchyma into a loose 
network, which extends to the epidermis of the under side (ep"). 



Fia 03.— Cross-Bection throagh the leaf of Fagua $ylvatica. «p, epidermis ; pi, palisade 
parenchyma ; ap, spongy parenchyma; fc, crystaJlogenous cells, in k*, a clnster-ciystal ; st, 
stoma (X 360). 

Single cells, devoid of chlorophyll, but with a cluster-crystal (A;'), 
are interposed' in the spongy parenchyma. The chief veins, and 
the lateral veins of the first order, project strongly from the under 
surface of the leaf in the form of ribs. Th^ projecting part is 
about as thick again as the other parts of the leaf. The fibro- 
vasal bundle has its course in the projecting rib. This latter is 
covered with elongated epidermal cells, to which follow elongated 
coUenchymatous cells. To these adjoin cells, each of which 
contains a simple crystal; and then follow the multilamellar 
sclerenchyma-fibres, which ensheath the whole bundle. On the 
upper side, the palisade layer is interrupted at a narrow part over 
the fibro-vasal bundle, and is replaced by collenchyma, to which 
a narrow strip of elongated epidermal cells follows (cf. also at ep"'). 
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A layer of cUorophyll-containiiig cells surronnds the sclerencliyma 
sheath, and to these the cells of the spongy parenchyma join on. 

The ribs repi^esent the mechanical system of the leaves, which 
must be constructed firm against flexure. 

[The ribs may again be, as far as the mechanical development 
is concerned, likened to girders.] The girders are arranged 
symmetrically with regard to the surface of the leaf, the plane 
■ of the girder being perpendicular to this surface. The upper 
side of the leaf is "stayed" especially against traction, the 
under side against compression. The girders in this case are 
arranged, in each rib, in the form of an I, the fibro-vasal bundle 
forming the " filling." The mechanical capacity of the under part 
of the girder, constructed against compression, is heightened by 
its removal as deeply as possible out beyond the under surface of 
the leaf into the projecting rib of the leaf. By means of the 
veins the leaf -blade is tightly expanded, and attains thereby the 
necessary firmness to protect it from tearing.^ 

Smaller fibro-vasal bundles, as those of the figure (63), are pro- 
tected on the upper and under side only by some sclerenchyma 
fibres. The ultimate branchlets of the veins are devoid of 
sclerenchymatous cover, and directly surrounded in their whole 
circuit by the sheath of parenchyma. The smaller fibro-vasal 
bundles are accompanied on wood and bast sides by the crystal- 
logenous cells (k). Above and under them the epidermal cells are 
somewhat elongated, and form shallow, depressed streaks. From the 
epidermal cells upon the veins arise long hairs, like sclerenchyma 
fibres, which, however, in the fully-developed leaves are mostly 
thrown off. 

It can, without difficulty, be determined that the leaves of the 
beech have grown especially thick in sunny places, and are so 
much the thinner in deeper shade.^ This increase in thickness, as 
microscopical investigation shows, affects the palisade parenchyma, 
which can become very considerably elongated and multilamellar. 
The palisade parenchyma is indeed a tissue specially adapted for 
strong light-intensity, while the spongy parenchyma is suited for 
slight intensity. In the palisade-cells we see the chlorophyll- 
grains only in profile, i.e., distributed over the elongated side- walls, 
and therefore, according to the intensity of the illumination, only 
projecting somewhat more or less into the cavity of the cell. In 
the spongy parenchyma, on the other hand, the chlorophyll-grains, 
according to the intensity of the illumination, show surface or 
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profile arrangement, i.e., lie parallel or perpendicnlar to the upper 
flurface of the leaf. The chlorophyll-grains in the palisade layer 
are first affected by the snn's rays ; while the spongy parenchyma 
. only receives the light weakened by absorption in the palisade- 
cells. This disadvantage is partially equalized by the surface 
arrangement possible in the spongy parenchyma. If, however, 
the intensity of the illumination is too great for the spongy 
parenchyma, its chlorophyll-grains assume the arrangement in pro- 
file. In the Beech leaves which are developed in the most intense 
sun-light, almost the whole green tissue is formed of palisade 
parenchyma, while the leaves, somewhere about a third their 
thickness, which have grown in deep shade, have well-nigh only 
spongy parenchyma. 

In connection with these morphological . studies we will enter 
into a few more physiological conceptions,^ and test their accuracy 
by means of ihe above microscopical structure. 

In certain coloured chromatophores, and, indeed, in the more 
highly organized plants, always in the green-coloured chlorophyll- 
bodies, the assimilation of carbonic acid takes place. Therefore 
these coloured plasma-bodies only are capable, in light of sufficient 
intensity, of decomposing carbonic acid gas and water, and out of 
them constructing combinations rich in carbon. This process 
takes place to by far the largest extent in the palisade-cells, and 
these can, therefore, be physiologically designated, as in the highest 
degree, the assimilating cells. The palisade-cells are further, as 
we have already seen, laterally, more or less completely separated 
from one another, and come together internally into bundles. 
The assimilated materials, therefore, are not passed laterally from 
cell to cell, but rather make their way into the interior of the 
leaf. Here the bundles of palisade-cells join on to cells of the 
spongy parenchyma, which often, at the point of junction, are 
broadened into a funnel form (sp'. Figs. 62 «,nd 63), and their 
function can therefore be that of receiving or collecting cells. 
The spongy parenchyma-cells which follow these (sp", Pigs. 62 and 
63) may, from the same point of view, be designated conducting 
cells. The spongy parenchyma further contains air-cavities, 
which are in communication with the air-chambers of the stomata ; 
it is, therefore, also a " ventilating tissue " [perhaps preferably an 
adrating tissue]. It is also a transpiration-tissue, since from the 
surface of its cells especially copious evaporation takes place into 
the intercellular spaces. Lastly, the collecting and conducting 
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tissue is, by reason of its dilorophyll-contents, also an assimilating 
tissue. The spongy parenchyma joins on to the parenchyma- 
sheath of the fibre- vasal bundle. To these they ultimately lead 
the assimilated materials, which are partially conducted in the 
parenchyma-sheath itself, partly in the bast portion of the fibro- 
vasal bundle ; hence these last together represent the condactiiLg 
striiigs or conducting bundles. The fibre- vasal bundles are, how- 
ever, at the same time conducting strings for water, which flows 
in the wood, from this is given ofE to the surrounding tissue, and is 
collected in the epidermis, which, in part, functionates as a water- 
reservoir. It is .this conducting tissue of the parenchyma-sheath 
around the fibro-vasal bundle which, as nerve, or vein-paren- 
chyma,* together with the strongly thickened "mechanical" cells, 
promoting firmness, forms the tissue of the projecting ribs of the 
leaf. This vein-parenchyma is continued into the ground-tissue 
of the leaf-stalk, which, as we have seen in Buta, is mainly 
composed of conducting (to or fro) and mechanical elements. 
Assimilating cells play in this only a subordinate part. 

We will now make ourselves acquainted with the inner structure 
of a petal, and also avail ourselves of this favourable opportunity 
to learn in it the course and termination of the fibro-vasal bundles. 
The petals of Verhascum nigrum [the Mullein] readily permit us 
to follow the branching of the bundles, and their ends, and to 
obtain also an insight into the structure of a petal. The air 
which clings to the bright yellow petal can be easily removed by 
tapping on the cover-glass. Alcohol cannot here be used, as it 
makes the structures indistinct. The petal [viewed in water] 
shows a delicate epidermis on the upper and under side, and 
from two to four layers of spongy parenchyma. Only two layers 
are found at the edge, from which the thickness of the leaf 
increases till it reaches four layers. The strongest fibro-vasal 
bundles, as well as the finest branches, reduced to spiral vessels 
only) are covered by a layer of elongated thin- walled paren- 
chymatous cells. This parenchyma-sheath closes together over 

* It will be seen that three terms, viz., rib, vein, and nerve, are used almost 
indisciiminately by botanical terminologists to represent the same thing. The 
term rib is correct so far as it refers to the mechanical nature of the parts in 
question, acting jnst as do the ribs of an nmbreUa. The term vein is correct so 
i&T as it refers to the conducting (water and food) function of the fibro-vasal 
bundles contained in them. How far the term nerve may be looked upon as 
correct in its implication must be left to the future to solve ; but under any 
circumstances, it must be considered far inferior in appropriateness to either of 
the other two. [Ed.] 


STEUCTUKE OF PETALS. 169 

the ends of tlie bundles. In the cells composing it protoplasmic 
movement can be seen. The strongly-branched cells of the 
spongy parenchyma join on to the elements of this parenchyma- 
sheath. Very instmctive is the view of the ends of the fibro-vasal 
bundles, which show a radiating junction of the cells of the spongy 
parenchyma with the sheath. 

The petals of Papaver Bhoeas [the common Poppy] can be like- 
wise studied without further preparation, after the air has been 
removed by tapping on the cover-glass. Besides the upper and 
under epidermis, there is here present only one layer of spongy 
parenchyma. The ends of the fibro-vasal bundles are never free ; 
they join, on the contrary, in connected arches at the edges of the 
leaf. In their entire course they are surrounded by a unilamellar 
parenchyma-sheath. To this the cells of the spongy-parenchyma 
join on from both sides. 


NOTES TO CHAPTER XV. 

1. Compare Haberlandt, in Eneykl. d, Naturwiss,, Handb. der Botanik., Bd. 
II., p. 614 ; J. von Sachs, Vorlesungen Uber Pflamen-Physiologie^ pp. 69 et seq. 

2. Compare herewith Stahl, Jen. Zeitschr.f. Naturw. Bd. XVI., 1883 ; Ueber 
den Einfl, des sonnigen oder schattigen Standortes auf die Ausbildung der Laub- 
bldtter, (On the influence of a sunny or shady position on the perfection of 
the leaf.) 

3. Compare herewith Haberlandt, as above (1), p. 610. 
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CHAPTER XVL 

THE GROWING APEX* OP THE STEM. DIFFEBENTIATION OP THE 
TISSUES. GOUBSE OP THE PIBBO-YASAL BUNDLES. 

Material Wanted. 

Shoots of the Mare*s-tail {Rippuris vtdgaris). Fresh, or in alcohol. 
Bnds of a Spindle-tree (e. g,, Etumymus japonicua). 
Buds of the field " Horse-tail" (EquUetum aroenAe). Fresh, or in 
alcohol. 

It will now be onr task, by means of carefolly-chosen examples, 
to become acquainted with the structure of the growing apex. 
As the first example, we choose a phanerogamous plant, with a 
very strongly-developed and easily-prepared " growing point," viz., 
Hippuris vulgaris [the Mare's- tail], ^ We take strong shoots for 
the investigation. From these we cut off the end bud about i 
inch under the apex of the stem, and first remove from it all the 
larger leaves. We then hold the bud with the point downwards, 
flat between the thumb and index-finger, and endeavour to obtain 
a median longitudinal section of it. For this purpose the razor is 
passed as perpendicularly as possible between the two fingers in 
question. First the bud is halved. Each half is cut up subse- 
quently in the same way. Then the section which appears most 
nearly median is chosen, and in case it does not yet appear thin 
enough, it is again halved, and so on until a sufficiently thin section 
is obtained. The operation will at first, perhaps, not be successful, 
yet in general it presents no insuperable difficulty, and can, at any 
rate, be attempted. If, however, the difficulty which presents itself 
cannot be overcome by the beginner, our object can be attained 
in another way. Instead of between the fingers, place the bud 
between two flat pieces of elder-pith, and draw the razor between 

• Variouflly known by the terms " growing point,*' *'punetum vtgetationW 
and " vegetative cone." I adopt the term ** growing apex " as at once correct, 
and a suitable complement to the expression ** apicid growth,'' in so general 
use. [Ed.] 
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these. The correct cutting of the object is then, it is true, left more 
to accident.* Objects which, like the foregoing, have a certain 
thickness and firmness, can be also clamped between the ends of 
two pieces of elder-pith, and cut horizontally, together with these, 
as has been done in earlier cases. 

From the sections thus prepared we select one sufficiently 
median for examination ; we recognise it by the slender, regularly- 
formed growing apex. This forms the leaves in whorls or circles 
of many members, and so we see them at a little distance from the 
apex as isolated protuberances rising symmetrically from the peri- 
phery of the vegetative cone. Under the second youngest whorl 
the nodes of the stem begin to be marked as horizontal denser 
plates [diaphragms] of tissue, above and below which, in the 
cortex of the stem, proceed, the air-passages. These air-passages, 
which reach from one nodal diaphragm to the other, are larger in 
size as the stem increases in volume. The intemodes elongate 
very rapidly and symmetrically, and in the same proportion their 
thickness also increases. Under somewhere about the fourth 
youngest leaf- whorl begins the formation of vessels in the stem. 
These are very beautifully seen after the addition of a little 
potash. These vessels run along the long axis of the stem. They 
appertain to a fibro- vasal bundle, which groWs acropetally, and 
ends above with some annular vessels. In the tenth to the 
twelfth nodes are the vessels first visible which appertain to the 
leaves. These join the vessels of the stem-bundle. In Hippurisj 
therefore, we have to do with a single fibro- vasal bundle, belong- 
ing to the stem, and therefore a " cauline ** bundle, with which are 

• Another method is as follows :— Gut the bud by as near as possible a me- 
dian cut into two halves ; place the halves in water or alcohol, as the case may 
be. Examine the cat surfacefi, and judge by the regularity ol the shape which 
one includes the actual growing apex, or^ if it be a large apex, the most central 
parts of it. Select this half ; stick a needle in a holder through it, well outside 
the median line, at right-angles to the length of the half, so that the cut surface 
of the half shall be in a plane parallel with the plane of the needle, and, when 
upwards, shall have the actual apex to the right hand. With the left hand 
grasp the needle-holder between thumb and other fingers, but extending the 
index finger straight out, and flat, so that the curved side of the half-bud lies 
on and acrosd the finger, and about a third or half an inch from its end. If 
the needle be Hghtly pressed upon the finger^ the flesh will yield a little, and 
the object will sink in and be held somewhat firmly, while at the same time 
the raised part of the finger beyond the object will serve as a good support for 
the blade of the razor. Holding the razor-blade aa flat as posaiUe, take section 
after section, quite cleanly, until you consider that you have fully passed the 
central portion of the bud. If in doubt as to which half -bud contains the 
actual apex, both halves can be treated in the same way. The proper central 
section must then be selected under a low power. Probably more than one 
section will be suitable. [En.] 
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articulated the fibro-vasal bundles appertaining to the leaves — 
the " foliar " bundles. In the axils of the leayes, at a short dis- 
tance from the apex, small flat protuberances begin to be raised, 
which are the commencement of fan-like scales each borne upon a 
short stalk-cell. Only in specimens in course of flower-production 
do we here meet with the commencing formation of axillary 
buds. — In order to become more closely acquainted with the struc- 
ture of the growing apex, we select a good median longitudinal 
section, and treat it with Sau de-Javelle (Potassium hyposulphite). 
Gas-bubbles soon begin to escape from the preparation. The action 
must last shorter or longer according to circumstances. The most 
beautiful results are obtained with alcohol material. The Uau de 
Javelle dissolves out the cell-contents, while the cell- walls stand 
out sharply. The series of cells are then easy to follow. As soon 
as the necessary degree of transparency is attained, the prepara- 
tion must be washed with water. [If the section has become too 
transparent, it can be partially restored by treatment with a sola- 
tion of alum, or with alcohol.] If grains of calcium, which are 
separated out, should cling to the preparation, dilute acetic acid 
should be allowed to run in, in order to remove them. The washed 
preparation can be preserved in glycerine, but must be first laid 
in very dilute glycerine, and this concentrated slowly in air. In 
other cases, just as in this, Uau de Javelle can be used when it is 
desired to dissolve the cell-contents, and thus make the cell- walls 
prominent. Outicularized cell- walls, after some time, are attacked 
by Eau de Javelle. If the cells are very rich in reserve food 
materials, the Eau de Javelle offers few advantages. If Eau de 
Javelle is not at our disposal, then treat the section with concen- 
trated potash solution, wash it out, and lay it in concentrated 
acetic acid. After some time we examine it either in acetic acid 
or in acetate of potasl\. It is an advantage not to place the 
section directly upon the object-slide, but to lay it upon a cover- 
glass placed upon this, and to cover it with a second cover- 
glass. We can then, if needed, turn over the section together 
with the cover-glasses, and so examine it on both sides ; we must, 
therefore, take care that no fluid gets between the under cover- 
glass and the object-slide. 

With pretty strong magnification, we settle, in the first place 
(compare Fig. 64), that there is a thoroughly definite arrangement 
of the cells in the ^meristem" of the growing apex. There are 
cap-like layers of cells, the separating walls of which form a series 
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of confocal parabolsB. The ontermost layer of cells, passing also 
over the rndimentary leaves, is the initial layer of the epidermis 
— ^the Bermatogen (d). Under this lie four or more nndifEeren- 
tiated layers of cells (meristem layers), which appertain to the 
Periblem (^), and from which the cortex of the stem proceeds. 
Lastly, we find a central cylinder, which tapers conically upwards, 
ending with nsually one cell, and out of which, as can be demon- 
strated lower down in the section, the axial fibre- vasal bundle of 
the stem is formed. This tissue we designate the Plerome (pi). 
Epidermis, cortex, and axial fibro-vasal bundle, have therefore 
in Hippuris their own special "histogens" or histogenic layers. 
There is no single apical cell, though the individual "histogens " 
of the apex of the growing point may terminate in one or 
several initial cells. Not, however, in all the growing apices 
of Phanerogams is the sepa- 
ration of the " histogens " so 
sharply marked as in this 
case. In many Gymnosperms 
(AbietinesB, Cycads) a clear 
separation between dermato- 
gen and periblem does not 
exist, and often the periblem 
is not clearly defined from 
the plerome. In the Angio- 
sperms the dermatogen is 
always sharply limited, but 
often there is no limit be- 
tween periblem and plerome. 
It is not in any way a ques- 
tion of a differentiation of the 
tissues which is continued 
into the meristem of the 
growing apex, but rather of 
the mechanical arrangement of the cell- walls, which give to the 
young tissues the necessary firmness. Very clearly marked in 
this arrangement is the rectangular junction of the anticlinal 
walls, i.e.f those running perpendicularly to the surface of the 
apex, and of the periclinal, i.e., those parallel to that surface.* For 
all that, we can retain the terms dermatogen, periblem, and ple- 
rome, because the arrangement of the layers of cells, as we have 
observed it in Hippuris, frequently recurs in the growing apex 



Fig. 61.— Longitudinal section throngh the 
growing apex of Rippxivii vuldram. d, dermato- 
gen ; pr, periblem ; pi, plerome ; /, commence- 
ment of the leaves (x 240). 
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of Phanerogams. These terms can be therefore conveniently used 
for denoting definite regions of the growing apex. From the 
dermatogen, in fact, amongst Angiosperms, if we exclude the 
Tery few exceptions, proceeds only the epidermis. The fibro- vasal 
system is, however, not always traceable in its origin to the ple- 
rome, but often to the periblem also. In the earliest rudiments of 
leaves we see first in the outermost layer of the periblem pericli- 
nal divisions set up (at/), then follow anticlinal. The dermato- 
gen in the places of protuberance remains unilamellar ; it divides 
only anticlinally. In the same way in the development of buds 
periclinal and anticlinal divisions take place in the outer periblem 
layer, and anticlinal only in the dermatogen. 

We will now investigate a flat growing apex, as it occurs in 
most Phanerogams. As an example, we may take Euonymus 
japomcus^ [the Japanese Spindle-tree], cultivated as an orna- 
mental shrub in many gardens, which can be examined at any 
time of the year, and the buds of which cut very well. We first 
prepare cross-sections, in order to obtain a surface view of the 
growing apex. Treat the sections in this case as we have done 
with Hippuris. With weak magnification we recognise the 
growing apex as a flat hump, surrounded by the youngest leaf 
protuberances. These stand in two-membered, alternating 
whorls, and therefore * decussate ["opposite decussate"], as we 
are wont to say. Every new pair of leaves starts, after con- 
siderable enlargement of the growing apex, in the gaps present 
between the preceding pair of leaves (Fig. 65 A). With soitable 
magnification, it is here exceedingly easy to follow the arrange- 
ment of cells at the apex. Fig. 65 B presents such a figure ; an 
apical cell is therefore not present. Cross-sections taken close 
under the apex show us a rapidly initiated difEerentiation of the 
tissue into primary pith, into procambium, which will form the 
fibro- vasal bundles, and into primary cortex. The zone of pro- 
cambium shows in the cross-section a rhombic figure, with some- 
what projecting and rounded angles. The procambium consists 
of thin-walled, narrow, radially-arranged cells. At the angles 
begins the formation of the elements of the fibro- vasal bundles : 
protophloem elements at the outer, spiral vessels at the inner, 
side of the zone. This region of conimencing differentiation of 
the elements of the fibro- vasal bundles is not defined towards 
the rest of the procambium tissue. The procambium zone opens 
at the places where the foliar bundles enter, in order to admit 
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them. In the axil of each of the young leaves we can see the 
rudiments of an axillary bud. The form of Fig. 65 G is shown 
by median longitudinal sections, with weak magnification. The 
flat growing apex, the rudimentary leaves, increasing in size, 
the axillary buds (g), the differentiation of the primary pith 
(m), the procambium zone (pc), the fibro- vasal bundles, com- 





m 

Fig. 86.— Apex of the stem of Suonymtw 3apoin.icvM, A, apical view of the same (x 12). 
B, apical view of the growing point (x 240). C, median longitudinal section through 
the apex of the stem ( x 28). P, median longitudinal section through the growing apex 
( x 240) ; d, dermatogen ; pr, periblem ; pi, plerome ; /, leaf protuberance ; g, bud protaber- 
ances ; p/, leaf-traces ; po, procambium ring ; m, pith ; e, cortex, 

mon to both leaves and stem [the so-called leaf-traces] (p/), 
and the primary cortex (c), are to be seen at a glance. Pith 
and cortex contain great quantities of cluster-crystals of oxalate 
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of lime. In fresh sections examined in water, the pith and 
cortex appear greenish, while the procambinm-zone appears clear. 
In order to follow the arrangement of the cells at the growing 
apex, we again nse potash and acetic acid. Outermost on the 
growing apex we find the nnilamellar dermatogen (Fig. 65, D, (Q ; 
under that three casing layers, which we have to designate as 
Periblem (pr) ; and then the central solid cylinder of tissue, 
which is not everywhere sharply defined towards the periblem, 
the plerome (pi). The growing apex appears very narrow 
between the two last progressing leaf -protuberances ; it is as a 
rule thus to be seen. On the other hand you have often to cut 
for a long time before the section passes through the first leaf- 
protuberances. If you are successful in this, the form presented 
is that of Fig. 65 D. The growing apex appears then much 
broader, the histogens [or Mstogenic layers] can be better followed 
in it. The formation of the leaves is initiated by periclinal 
divisions in the two outermost layers of periblem (at /) ; the 
dermatogen remains unilamellar. Just the same divisions as for 
the commencement of the leaves take place in the axils of the 
third youngest pair of leaves, for the formation of axillary buds ; 
the process is likewise initiated by periclinal divisions in the 
hypodermal layers of cells. It can be determined with certainty 
that the dermatogen produces only the epidermis, the periblem 
the cortex, and the plerome the pith of the stem. Less certain 
is the proof that the procambium ring also proceeds from the 
plerome. That the formation of fibro- vasal bundles is not ex- 
clusively confined to the plerome, follows of necessity from the 
fact that the part of the fibro-vasal bundle passing into the leaf 
arises inside the cortex, and therefore out of periblem, and that 
the entire inner tissue of the leaf, with all its fibro-vasal bundles, 
is a product of the periblem. 

We will investigate lastly a Vascular Cryptogam, growing by 
means of an apical cell ^ distinguished from the preceding cases 
in which growth takes place by an apical meristem], and choose 
as the most favourable object Equisetum arvenae [the common field 
" Horse-tail " ] *. It is here comparatively easy to bring into view 
the apical cell. Shoots in course of development are studied 
either fresh or by alcohol material. We remove from the apex 
of the stem a piece about ^ inch long, or rather more, and cut it, 
as in the above cases, between the fingers, with the apex down- 
wards [or by the needle method described above]. 
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Amongst tlio longitudinal sections produced we look for one 
wliicli shows the conical growing apex intact. In order to 
obtain an insight into the arrangement of the cells of this apex, 
it is usually necessary to make them more transparent. This 
may be effected, in this case also, with Eau de Javelle, or else 
by the addition of a little potash. Should this latter act too 
strongly, and have "cleared"" the growing apex, until its cell- 
walls become unrecognisable, we can remedy the evil by a suitable 
addition of water. In fresh sections we must avoid the use of 
any water- withdrawing medium, as otherwise the growing apex 



Fig. 66.— Longitadinal section through the growing apex of a main vegetative shoot 
of Equisetvmi arvense. t, apical cell ; s', youngest, s'^ next older segment ; p, primary wall ; 
m, segmenting wall; pr, later periolinal ; a, anticlinal walls; /, first; /', second, /", third 
•whorls of leaves; y, initial cell of an axillary bad (x 240^. 

will collapse. Sections of alcohol -material can, on the other hand, 
be laid in glycerine direct, but not after previous sojourn in 
water. Sections treated with Eau de Javelle cannot be placed at 
once into concentrated glycerine, but must be placed in very 
dilute glycerine, which is allowed to concentrate by standing in 
the air. Sections made transparent with potasli can be neu- 
tralized with acetic acid, and preserved in acetate of potash. As 
it is here of special importance to be able alternately to view the 
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section from its two sides, we lay it, as we have already done in 
the case of the growing apex of Hippurisj between two coyer- 
glasses. 

If the growing apex is cut in the proper direction, it presents 
its apical cell, a three-sided pyramid upon a convex base, in the 
form of a wedge, the apex of which is sunk in the tissue of the 
growing point, and its base is arched free towards the exterior. 
This apical-cell divides -by means of partition walls, which are 
parallel to the existing side-walls, follow one another in spiral 
sequence, and form segments arranged in three straight rows. 
These segments (5) are shown in profile in onr figure 66. They 
further divide np in definite fashion, and so gradually construct 
the body of the plant. [The adjoining Fig. 66*, taken from 
Nageli and Schwendener's Das Mikroehop^ will help to further 
elucidate this process. A shows a median longitudinal section of 
the apex of an Equisetum stem, which corresponds pretty closely 




[Fig. 06*.— Schemes showing the division of the apical cell in the stem ofJBgvttetiim. 
A^ in sectional, B, in apical surface view.] 

with that in the text, the figures 1, 2, etc., showing the order of 
priority of the original dividing walls, cutting off segments from 
the apical cell. As this cell is three-sided (besides its base), 
every third wall is not shown in the longitudinal section ; in this 
case walls 3 and 6 are omitted from the figure. B gives a dia- 
grammatic view from above of the three-sided apical cell, showing 
the order of formation of the primary dividing walls, 1, 2, etc. 
In both figures the lighter lines are intended to show the subse- 
quent divisions of the primary segments.] At some distance 
from the apical cell, a '* bank " is raised upon the growing apex, 
which grows at its edge with wedge-shaped initial cellis. Certain 
parts of this edge, later on, get^'ln advance in their development, 
and form the free leaf -apices ["teeth"] of the, lower down, 
connate whorl of leaves [" leaf -sheath "]. The further removed 
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from the apical cell, so much the greater are the yonng leaf- 
whorls; sinmltaneoTisly progresses the differentiation of the 
inner tissne of the stem, especially the separation into denser, 
small-celled, thin nodes, and less dense, elongated-celled, long 
intemodes (Fig. 67). First the larger-celled pith begins to 
separate out in the 
middle of the stem. 
In the fifth internode, 
counted from above 
(in the figure), the 
first annular vessels 
become visible in the 
prooambium strings, 
at the outer limits of 
the pith, and can be 
traced from here into 
the next higher com- 
mencement of the 
leaf-whorl. Each in- 
dividual fibre - vasal 
bundle is here com- 
mon to stem and leaf, 
and is therefore de- 
signated as leaf-trace. 
In each internode just 
so many fibro-vasal 
bundles run outwards, 
as leaves are repre- 
sented in the leaf- 
whorl. The leaf- 
traces, lying at first 
separated from one 
another, are, in about 
the node underlying 
the seventh inter- 
node from the apex, 
connected by side 
branches, whereby a 
complete fibro-vasal system is formed. Approximately in the tenth 
internode the pith begins to become hollow, through the breaking 
apart of its cells. In the node, on the other hand, the pith-cells 



Fz6. 87.— Median longitudinal section through a main 
vegetative shoot of Equisetum arvense. pv, growing apex 
of the main axis; g, initial for a bud; g\ g", g'", g"", 
stages in the development of such a bud ; r, r(, the origin 
of a root on the bud ; m, differentiation of the primary 
pith; w, spiral vessels making their appearance j n, 
differentiation of the nodal diaphragms (x 26). 
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undergo a corresponding augmentation, and remain in union. — The 
lateral buds are initiated by single cells in the aidls of the leaf- 
whorl [leaf -sheath]. They stand in whorls, andj as examination 
of the mature condition shows, alternate [in position] with the 
free leaf -teeth of its leaf-sheath, the tissue of which they finally 
break through at the base, in order to come outside. The longi- 
tudinal section, therefore, shows the somewhat larger buds, grown 
into the tissue of the leaf- whorl, lying close over the surface 
of the stem. At about the seventh node, the buds are so far 
developed that they klready possess several embryonic leaf- whorls. 
Their growing apices can, with care, be used for the study of the 
apical-cell. 

Amongst the Vascular Cryptogams, the Equisetace© and Ophio- 
giossesB possess only collateral flbro-vasal bundles, as we can 
prove readily enough by means of cross- sections through an older 
intemode of JSquisetum a/rvense. The fibro-vasal bundles are 
arranged in a single ring around the hollow pith. In the wood 
portion, placed internally, of each fibro-vasal bundle, will be noticed 
an intercellular passage, the carinal canal ; the thin- walled bast, 
placed externally, is environed on its sides by the annular and 
reticulated vessels of the wood. An endodermis surrounds the 
entire ring of fibro-vasal bundles. In the thick cortex, alternating 
with the fibro-vasal bundles, will be specially noticed broad inter- 
cellular passages, the Yallecular canals. If we count the free leaf- 
teeth in the next higher leaf- whorl, we find that the number of 
the fibro-vasal bundles corresponds with this number. — In order 
to obtain information upon the course of the fibro-vasal bundles, 
we now prepare successive cross-sections, so long as to have passed 
out of one intemode through the node into the next intemode. 
We can use for this purpose either fresh or alcohol material ; only 
it is advisable that we use the youngest possible part of the stem, 
as older parts are strongly silicified, and will quickly blunt the 
razor. In order to prepare the sections of equal thickness, we 
can make use of the microtome referred to on page 63. The 
sections are arranged in proper order upon an object-slide, and 
can be made more transparent by means of potash. A close 
comparison of these successive sections enables us to prepare a 
scheme of the whole course of the fibro-vasal bundles, as in the 
adjoining Fig. 68, in which we have cut the stem open along 
one side, uni'olled it, and projected the course of the fibro-vasal 
bundles on the surface of the cylinder thus laid open. We find 
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that each of the fibro-vasal bnndles (a, 5, or c), coming down 
from a higher intemode, divides in the node into two forks ; and 
that one of the forks from each of two adjoining bundles combines 
with a new fibro-vasal bundle, which here enters out of the leaf- 
whorl (thns the forks from a with 6 and 6, a fork from each of 
h and h with c). If the fibro-vasal bnndles of the lateral buds 
9ive already formed, the figure is somewhat complicated by them. 
Each lateral bud joins {g) the vascular system of the parent axis, 
with two fibro-vasal bundles (gf), and 
always with one fibro-vasal bundle 
on to each of the two forks of the 
next higher stem bundle, immediately 
after this divides into its two forked 
branches. The lateral buds alternate 
with the fibro-vasal bundles of the 
leaf -whorl which conceals them, and 
correspond in their position with the 
fibro-vasal bundles of the next higher 
and next lower leaf- whorl. — ^It follows 
from our observations that the entire 
system of fibro-vasal bundles of our 
stem of Equisetum is common; it is 
formed of leaf-traces, which fork at 
their base inside the node, in order 
to join there, through the medium of 
their forks, with newly entering fibro- 
vasal bundles. That the leaf-traces 
combined with one another form the 
entire fibro-vasal system, is every- 
where in vascular plants the most 
common case ; we will therefore limit 
our studies upon the course of the 
fibro-vasal bundle to this one simplest 
possible example. — In the investiga- 
tion of a more complicated case, it 
is necessary to arrange the successive 
sections in the same [sequence and] direction on the object-slide, 
in order to be able to compare them more readily. This last 
task is facilitated if one side of the stem is marked by a shallow 
longitudinal cut. It is often necessary to draw the successive 
sections, in order to bo able to prove the displacement of the 
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Fio. 68. — Scheme sbowinff the 
longitudinal course of the flbro- 
vasal bundles in the stem of £gu»- 
Meum, supposed to be opened oat 
into a plane, y, the junction of the 
bundles of the bud. 
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individual bandies. Longitudinal tangential sections, made trans* 
parent with potash, will in many cases lay bare at once the entire 
course of the fibro-vasal bundle. 
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CHAPTER XVII. 
GEOWINa APEX (TIP) OF THE ROOT. 

Mateuial Wanted. 

Hoots of barley {Hordeum vulgare), grown in a flower-pot. Fresh, or 

in alcohol. 
Roots of Thuja {e.g., T, occidentalis), grown in a flower-pot. Fresh, 

or in alcohol. 
Root of fern {e.g., Ftei^ eretica), grown in a flower-pot. Fresh, or 

in alcohol. 

It is desirable now to become acquainted with the growing apex 
(tip) of roots. We commence with Angiosperms. The structure 
of their root-apex^ can be studied with comparative ease in the 
Gramineae [grasses]. They provide us, it is true, with only one 
of the possible types of root-growth amongst Angiosperms, but 
still one widely spread and instructive, and therefore very suited 
to give us an insight into the processes in question. In order to 
obtain favourable material, we choose plants removed with care 
from flower-pots. If we turn the flower-pot upside down [so that 
the whole contents come out bodily, a result often assisted by 
tapping the flower-pot lightly on its rim], the root-apices will be 
usually found free in the exterior of the mass of earth. For 
careful study we choose the common barley, Hordeum vulgare. In 
order to get general information, we first prepare a cro^ss-section 
through an older part of the root. In the middle of the axial 
fibro-vasal cylinder we find a large duct or vessel, then in the 
periphery of it about eight vascular rays alternating with the 
'same number of portions of bast. As, however, customary in 
grasses, the vascular rays extend to the endodermis, and therefore 
interrupt the pericambinm. The endodermis shows more or less 
clearly the dark radial shadings ; to it follows the pretty thick 
cortex. The longitudinal section of the root-apex we prepare 
between the thumb and forefinger. It must be sufficiently 
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median; then the structure is plain, even without the use of 
reagents, but here also Uau de Javelle can be used with- advantage 
(cf . p. 172). Above all, it is observable that the body of the root is 
sharply defined from the root-cap. We can, in fact, follow a line, 
which is prolonged from the surface of the epidermis, continuously 



Fia. 69.— Median longitudinal seotion through the root-apex of Sordmm tnilgar: 
k, Galyptrogen; c, thickened outer wall of the epidermis ; d, dermatogen ; pr, periblem ; pl> 
plerome ; en, endodermis ; i, intercellular passage filled with air ; a, row of cells which will 
form the central duot ; r» disorganised cells of the root-cap ( x 180). 

over the apex, between the body of the root and the root-cap (cf. 
Fig. 69). Still the dermatogen does not pass, as such, over the 
apex, but it must rather be said that the dermatogen (d) and the 
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periblem (pr) of the apox come together in common initial-cells. 
In Fig. 68 only one snch common initial layer is present, but there 
may be several. The dermatogen, as snch, can be traced up to this 
initial layer ; the periblem also, but one cell thick, merjges with 
it. The plerome, under this common dermatogen-periblem cap, 
is crowned by a few initial cells. Externally bounding the line 
which separates the root-body from the root-cap are the initial 
cells for the root-cap, forming a layer of flattened cells which may 
be designated the calyptrogen (k). The cells from the calyptrogen 
are given off outwardly, and, as the result of their origin, arranged 
in straight rows ; at first flat, they soon increase in height. At 
the apex of the root-cap they become rounded ; finally separate 
from one another and become disorganized (r). It is a peculiarity 
of the GraminesB that their dermatogen is strongly thickened on 
the outer side (c). This thickened outer wall is bright white, 
swells strongly, and appears so much the thicker the longer the 
section lies in *water. At the lateral boundaries of the cells we see 
highly refractive strisB pass more or less deeply into the thickened 
outer wall. These are the primary walls of the cells ; and the 
older they are, the more deeply they always penetrate into the 
thickened wall. These walls clearly show lamination. The 
periblem has rapidly increased the number of its layers by 
periclinal divisions. Between its inner cell-layers intercellular 
passages filled with air quickly put in their appearance, as is 
represented in our figure by dark lines (e.gr., at t). The periblem 
forms the cortex, the innermost layer of which becomes the 
endodermis. — ^The plerome ends oonically in a group of initial-cells; 
two such initial cells can be seen in the longitudinal section which 
we have represented. The plerome forms the axial fibro-vasal 
cylinder. The differentiation of the large central duct or vessel 
in this last can be traced from the initial group. The cells from 
which this duct will be developed are distinguished by their 
greater breadth (a). The elements set apart for the smaller 
vessels are first distinguishable much later. 

The roots of Gymnosperms^ show, in many respects, a peculiar 
organization in the meristem of their growing apex. We will 
study more closely Thuja Occident alts. The cross-section through 
a fully-developed root resembles the already-known cross-section 
of the root of Taxus haccata [the Yew], excepting that the roots of 
Thvja are usually tetrarch [i.e., have four primary ligneous rays, 
or bundles]. The median longitudinal section through the apex 
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of the root shows a sharplj-limited plerome cylinder, which 
terminates in a few initial cells, and is surrounded by a covering 
of periblem, some twelve to fourteen cell-layers thick. This last 
passes over the apex, and forms there its terminal initial layers of 
eight to ten inner rows of cells, while the outer rows pass over 
into irregularly arranged, comparatively large cells. These large 
cells extend to the apex of the root-cap, where they ultimately lose 
their union, and become disorganized. The root-cap of Thuja, and 
of Qymnosperms generally, consists of the outer parts of the 
periblem ; dermatogen and calyptrogen are wanting. The initial 
layers of the plerome, passing over the apex of the plerome, divide 
by periclinal and anticlinal walls. The periclinal divisions increase 
the number of layers of the periblem, and replace from the interior 
the elements which are exfoliated from the periphery. The anti- 
clinal walls increase the number of cells in the individual layers, 
and provide chiefly for the formation of the cortex. As the anti- 
clinal walls in successive layers correspond pretty regularly with 
one another, they form anticlinal rows of cells, which, straight in 
the interior, separate from one another externally, likb the com- 
ponent rays of spray which collectively constitute the jet issuing 
from a fountain; and forming therefore a constantly extending 
series of co-axial parabolad. The periclinal divisions in the initial 
layers of the apex have as result that the cell-rows of the cortex, 
when these are followed towards the point, appear constantly 
doubled. The most median, straight, anticlinal rows of cells in the 
periblem of the root-apex are distinguishable from their neighbours. 
They form a "periblemic column *' (Periblemsaule), which is lost 
in the outermost, brown elements of the root-cap. This column 
appears clearer, its cells immediately adjoin one another, while 
those bordering laterally form air-containing intercellular spaces. 
Moreover, the cells of the column are distinguished by especial 
richness in starch. As results from the foregoing relations, the 
root of Thuja possesses no epidermis, the outer surface of the root 
is composed of the, for the time being, outermost layer of the 
periblem. If such a layer is followed in the direction of the apex, 
we shall soon see it pass under another, which for a time pro- 
vides a surface. The outermost living layers of cells are protected 
at their surface by the collapsed walls (become brown) of the 
disorganized layers of cells. The roots of the Grymnosperms have, 
in general, no root-hairs; we search for such in vain in Thuja 
occidentalis. The adjoining figure, 70, gives, with low magniflcation, 
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the Btmctore of a longitudinal section, and can facilitate onr 
obtaining information about it. Naturally, the arrangement of the 
cells can only be indicated with such a low magnification. Pass- 
ing from the exterior towards the. interior, we see, therefore, the 
brown, collapsed covering of cells (x) ; then the periblem (jw), 
which can be traced over the apex of the root, and whose outer- 
most layers, therefore, form the root-cap ; lastly, the plerome {pV), 
the termination of which is not quite 61ear with low magnification. 
We are inclined to imagine that the upper 
part of the plerome is larger than it really 
is, because the innermost layers of the 
periblem, bordering on the plerome, are 
devoid of intercellular spaces, and there- 
fore (as is shown in the figure) appear 
just as clear as the plerome cylinder. In 
the oldest parts of the section the plerome 
cylinder shows itself suiTOunded by a red 
layer of cells, which, as a comparison with 
the cross-section shows, indicates the en- 
dodermis filled with red cell-sap. As we 
approach the apex these endodermic cells 
become unrecognisable. Vessels (s) also 
appear in the older parts of the plerome 
cylinder. The more clearly showing 
column (c) penetrates the apex of the 
periblem. Upon this impinge laterally 
the air-containing layers of the periblem. 
These last, however, reach entirely neither 
to the plerome nor to the surface of the 
root. The last is composed of large brown 
cells. 

The roots of Coniferss will serve to 
make us acqaainted with the methods of 
branching of roots in general. In the ex- 
amination of the roots of Thuja occiden- 
talis, it will strike us that they bear their lateral roots in four or 
in three straight rows. We readily prove by cross-sections that 
three rows of lateral roots indicate triarch [i.e., with three lig- 
neous rays], four rows tetrarch, fibre- vasal cylinders. We prepare 
now a cross-section through a root at the place of insertion of a 
lateral root, and determine that the lateral root projects from one 



Pig. 70.— Longitudinal sec- 
tion through the root-apex of 
Thtya oecidentalis; k, outer 
brown layer of disorganized 
cells; pr, pericambium ; pi, 
plerome; e» endodermis; 8, 
spiral vessels; c, periblemio 
column; le, root-cap (x 26). 
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of the ligneous rays. As now the ligneous rays ran in straight 
lines in the axial, fibro-vasal cylinder, the arrangement of the 
lateral roots in straight rows is hereby explained. 

We will now endeavour to become acquainted also with the 
growing apex of a root which grows by means of an apical cell.^ 
In such roots the same variability as with stems growing by 
means of apical cells does not exist. The apical cell is always a 



Fio. 71.— Mediam longitudinal section through the. root of Pter%$ eretiea; t» apical-cell ; 
k, initial cell of root-cap; It*, outexmost layer of root-cap; (e, wall cutting off epidermis; 
r, ditto cortex; c, ditto cambium ; p, ditto peiicambiumj (x 240). 

trilateral pyramid, and the co-ordination of the segments formed 
from it remains constant. We investigate the root of Pteris 
cretica (Fig. 71), but can equally well choose any other tpecies 
of Fern. By turning a flower-pot upside down, we easily 
obtain uninjured root-apices. The roots of Pteris cretica^ as 
of ferns generally, are diarch; with the woody portions alter- 
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Bate flattened bast portions; the pericambinm is nni lamellar, 
the endodermis flattened, the cortex become brown, and in its 
inner part strongly thickened. We now endeavonr to obtain, 
between thumb and forefinger, a thin, median, longitudinal section 
of the root-apex. It is not very difficult to bring to view the 
apical cell ; it does not here, however, occupy the apex of the root, 
but is covered by the tissue of the root-cap. This apical-cell 
(t, Fig. 71) has, as in the stem of Equisetum, the form of a three- 
sided pyramid, whose convex base is turned towards the cap, 
while the apex formed by the junction of the three side- walls is 
sunk in the body of the root. The divisions, as in the stem of 
Equisetum, take place parallel to the side- walls ; besides these 
however, from time to time (usually after three or four of the 
above consecutive divisions), a wall parallel to the convex base is 
formed (compare the figure). The apical-cell retains its form 
throughout its divisions ; the cell cut off from the base has, however, 
the form of a segment of a sphere. This cell (k) is an initial 
cell of the root-cap, giving to this latter its origin. It divides 
first by a wall perpendicular to its base into two halves ; each half 
repeats this division, so that four cells, quadrilateral in outline, 
are formed. In these the division is repeated, and always by- 
walls at right-angles to the original base, so that an older layer of 
the cap (A;**) consists of a large number of cells. The cells of the 
older cap-layers are full of starch-grains. They are gradually 
disorganized while the apical cell cuts o£E continually new initial 
cells. The outer walls of the, for the time being, outermost cells 
of the cap, are strongly thickened. The dividing walls, formed 
parallel to the side- walls of the apical cell, follow, as in Equisetum, 
the direction of a spiral. 


NOTES ON CHAPTER XVH. 

^ Saobs* Text-hook of Botany (Engl, trans, of 4th edit.), p 147 ; Janozewski, 
Annates des sc. naU, Botanique. V. S6r., torn. XX., 1873, pp. 162 etseq, ; Treub, 
Musie hot. de Leide, torn. II., 1876 ; De Bary, Comparative Anatomy (Engl, 
trans.), pp. 9 et seq, • 

» Strasburger, Coniferen und Qnetaceen, p. 340 ; De Bary, Comp, AnaU (Engl, 
trans.), pp. 13 et seq,, where see the farther literature. 

' Nageli and Leitgeb in Beitr, zur win, Bot,, 4 Heft, X868, pp. 74 et seq. 
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CHAPTER XVIIL 
VEGETATIVE STBUCTUBE OF THE MOSSES AND LIVERWORTS. 

Material Wanted. 

Plants of a strong moss, such as Mnium unduiatum, M. Iiomum, or 

Polytriclium. Fresh, or in alcohoL 
Plants of a Bog-moss {e.g., Sphagnum acutifoUum), Fresh. 
Thallus of a Liverwort {e.g., Marchantia polymoiylia). Fresh. 
Thallus oi Metzgeria furtata. Fresh. 

Hitherto we have stndied only the structure of the stem and 
leaves in Vascular Plants ; we turn now to the stem and leaves of 
Mosses, from which vessels are absent.^ We commence with a 
comparatively complicated case, where the differentiation of tissue 
is already somewhat advanced ; with Mnium undulatum. We first 
of all prepare delicate cross-sections through the stem. In thfe midst 
of the stem appears an axial cylinder, composed of narrow thin- 
. walled cells. We can conceive this cylinder as the simplest of all 
condncting bundles. Its cells contain no living contents, only 
water ; they are distinguished from their surroundings by their 
yellow-brown coloration. To this conducting bundle, which there- 
fore consists of only wateivbearing tissue, adjoin the wider cells 
of the cortex, with greenish-yellow walls, and living chlorophyll- 
holding contents. At first they increase somewhat in diameter 
in passing from* the interior outwards; at the periphery they be* 
come rapidly narrower and thicker walled, and pass over at length, 
without special limits, into a uni- or bi-lamellar, narrow, strongly- 
thickened epidermis. At two or three places the outer cell-layer 
of the stem is prolonged externally into a unilamellar plate of 
cells, which represents the leaf-wings running outwards from the 
stem. Cross-sections which are taken from the lower, leafless, 
strongly-browned part of the stem, show the walls of the peri- 
pheral layers of cells coloured dark-brown. Froni single cells of 
the surface have grown long, brown- walled, repeatedly branched 
threads of cells, which here take the functions of roots, and are 
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distingnished as root-hairs or rhizoids. These rhizoids, as can be 
readily seen, are distinguished by obliquely-placed partition walls, 
which therefore form an exception to the rule, so generally obtain- 
ing, of rectangular division. Under numbers of such partition 
walls, and always under its elevated side, arise the subsequently 
still more branching lateral branches. Only the apices of the 
rhizoids which are still growing are provided with colourless 
walls. 

The closest similarity with such root-hairs, from the point of 
view of the branching and the oblique position of the dividing 
walls, is shown by the proembryo of the typical leaf-bearing 
mosses, the so-called protonema, which is developed from the 



[Fio. 71.*— AmosB, Funarialiygromeiriw, ^.germinating Bpores ; ic, root-bair,or rhizoid; 
8, exospore ( x 530). B, part of a developed protonema, about three creeks after germina- 
ting ; h, a procfombent primary shoot, with brown wall and oblique Bepta ; from this arise the 
ascending branches, having limited growth. K, rudiment of a leaf-bearing axis with vs, 
rhizoid or root-hair (x about 00). (After Prantl.)] 

germinating spore. Its branches, however, so far as they do not 
penetrate into the soil, are colourless, and contain numerous chloro- 
phyll-grains. The bnds, which develop into the moss-stems, 
are side-branches of this protonema [compare 'Fig, 71*]. The 
near relationship of rhizoids and protonema is shown also in the 
circumstance, that the rhizoids, if kept damp and exposed to 
light, can develop a protonema which can give rise to numerous 
new plantlets. It needs only to lay a turf of Mnium with the 
underside upwards, and keep it damp, in order to produce 
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nnmerons green protonema-threads from the rhizoids. This lat- 
ter in its macroscopic aspect reminds ns of terrestrial tnfts of 
Vaucheria, 

If the cross-section has passed through an injured part of the 
stem of Mnium, the place is seen not to be covered -with cork, 
since this cannot be formed by the Cryptogamia, with the ex- 
ception of BotrycMum [the Moonwortfern] ; bnt, on the other hand, 
the -walls of the limiting cells are thickened and browned, and so, 
apart from their broader cavities, resemble the other snrface-cells. 

Near the surface can be seen, in the cross-section, isolated small 
strings of thin-walled cells, which moreover in their coloration 
resemble the elements of the central cylinder, and which, like 
them, are without living contents, but on the other hand contain 
water. These are the conducting bundles belonging to the leaves, 
which have " blind " ends in the cortex of the stem, while they 
occasionally, in Polytrichum,* join on to the axial conducting 
bundle of the stem. A leaf, which we examine without further 
preparation in a drop of water on the object- slide, exhibits a 
unilamellar lamina, and a multilamellar midrib. This last ends 
in a terminal tooth, which consists of a number of rhombic cells. 
The cells of the midrib are elongated, the peripheral cells contain 
chlorophyll-grains. The lamina of the leaf is unilamellar; it 
consists of polygonal chlorophyll-containing cells. The broad, 
seam-like edge of the leaf is formed of elongated, strongly thick- 
ened cells. The outermost bear on their edge, at nearly equal 
distances, one- to two-celled, sharply tapering teeth. Cross- 
sections through the leaves are obtained at the same time with 
the cross-sections of the stem. If it is desired to cut cross- 
sections of separated leaves, which, from their small thickness, is 
no slight task, it can be considerably facilitated if a considerable 
number of leaves are stuck together with glycerine-gum, and, 
without waiting for the gum to dry, the object, thus made thicker, 
is cut between elder-pith. f The cross- sections are then laid in 
water, which at once dissolves out the gum. This method can be 
used at all times, when it is desired to obtain cross-sections of 
very thin surfaces. Upon these cross-sections of our moss-leaf, 
we can determine that the lamina is unilamellar, the cells at the 

* In Polytrichumt the inner part of this condacting bundle is commonly 
collenchymatous. [Ed.] 

t Good cross-sections of leaves can be obtained withoat preparation by catting 
throngb the crowded leaves at the apex ('* bud ") of the stem of an actively 
growing moss, such as Mnium undulatum, M. homum^ or a Polytrichtm. [Bd.] 
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margin of the leaf are strongly thickened. The midrib projects 
more strongly from the under than the upper surface of the leaf. 
In its centre, somewhat nearer the under side, lies a string of thin- 
walled cells, in which we again recognise the conducting bundle 
which we previously saw in the cortex. These thin-walled strings 
are protected on their under side by some strongly-thickened 
narrow cells. The structure reminds us not a little of certain 
greatly-reduce(J monocotyledonous fibro-vasal bundles, limited to 
a few bast elements and a weak layer of sclerenchyma. 

A withered plant, with the lower cut surface of its stem placed in 
water, remains withered, but becomes, on the other hand, rapidly 
turgid if it is immersed with its leaves in water. The admission 
of water through the leaves is here, therefore, very active. 

The structure of the stem of the Bog-mosses ofEers special pecu- 
liarities, and shall therefore be brought here within the range of 
our observation. We prepare cross-sections of the stem- of Sphag- 
num acutifoliwm. These cross-sections show us a broad central 
cylinder, which in its interior is constructed of broad, somewhat 
coUenchymatously thickened cells ; towards the periphery its 
cells become gradually narrower, and, in the outermost layers, 
are coloured yellow-brown. A special conducting bundle is not 
present in the inferior of this cylinder. It is surrounded by a 
large-celled outer cortex of three layers of cells. The elements of 
this impinge immediately upon the narrow, yellow-brown cells of 
the inner cylinder. They are distinguished by large round or oval 
holes [pores] and delicate spiral bands. These pores are easy to 
see, and that they directly join together the cavities of these cells 
can be readily proved in places where the sections have cut through 
such pores. Not infrequently, moreover, fungal threads [hyplis] 
are. seen in these cells, which pass without hindrance from one cell 
to the other through the pores. These porous elements of the 
outer cortex of Sphagnum contain, moreover, only water or air, and 
are without living cell-contents. To the plant they serve as a 
capillary apparatus, by which the water may be carried to a 
place of need. The plants are devoid of cuticularized parts ; con- 
centrated sulphuric acid immediately dissolves the entire tissue ; 
comparatively the most resistant are the middle-lamellee and 
their junction "seams" of the yellow-brown outer cells of the 
central cylinder. 

Thfe.leaf expansion is ovate, entire, unilamellar, and consists, as 
either surface-view shows, of two kinds of elements. The one are 
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small, dilorophyll-containing (and therefore also containing proto- 
plasm and nnclens), living cells; and others are dead, filled with air 
or water, provided with rings or with spiral bands and intermediate 
open pores. The fact, which mns't have repeatedly struck nd, that 
dead air- or water-containing cells, so far as they are not strongly 
thickened, so often need spiral band, rings, or network as thick- 
ening of their walls, derives explanation from the circumstance that 
the said cells are deprived of their turgidity, and need this me- 
clianical apparatus in order not to collapse nor be crushed. The 
green cells of the leaf- expansion are all joined together, and form 
a network with elegantly winding walls, earch mesh being occupied 
by one of the empty cells. The green cells serve for the assimila- 
tion of carbonic acid gas ; the empty cells serve, just as do the 
corresponding cells of the outer cortex of the stem, as a capillary 
apparatus for the supply of water. Careful observation shows 
that the number of pores diminishes towards the edge of the leaf, 
that they are more prevalent on the under side of the leaf, and 
stand laterally on projecting cell-walls. The edge itself of the 
leaf is composed of the narrow green cells, and adjoining these of a 
single-rowed ** seam *' of narrower collapsed elements containing 
watery contents, and slightly thickened on the outer surface. 
Only the end surfaces of these elements appear to be thickened 
more strongly, and project outwards proportionally. A midrib is 
wanting in the leaves, just as is a conducting bundle in the stem ; 
the plants are in this respect, therefore, much more simply con- 
structed than Mnium ; more complex on the other hand as to the 
formation of a special capillary apparatus. 

The thallus of Marchantia polymorpTia [the common Liver-wort], 
so widely spread upon damp ground [and especially in damp 
green-houses on the surfaces of the flower-pots], and so readily 
recognisable by its bulbil or gemms-cups, and ultimately also by 
its [more rarely produced] disk-like or umbrella-like receptacles, 
shows a tolerably complicated structure. The absence of cormo- 
phytic development does not therefore necessarily entail simple 
anatomical structure. The thallus is tough, like leather; it 
branches by forking (bifdr cation) of its apex, which lies at the 
base of the apical sinus (or depression). If the shoot has forked 
shortly before, the centre of the previous depression is occupied 
by a lobe of the thallus, on both sides of which the apical de- 
pressions lie. Along the centre of each shoot projects, on its 
ventral [under] side, an indistinctly bounded midrib. From this 


THALLUS OF MABCHASTU. 195 

proceed outwards and forwards obliquely directed strise arching 
towards the margin of the thallns. At some distance from the 
apex the thallns is fixed to the substratum by delicate rhizoids 
springing from its centre. If we bring the th alius, with its 
ventral side turned upwards, under a simple microscope, we can 
determine, by the aid of needles, the existence of scales which 
arise from the surface of the thallns. There are present here 
three difFerent forms of ventral scales: marginal scales, which 
usually extend somewhat over the edge of the thallns, and have 
become brown ; median scales, which lie in the middle line, and 
laminar scales, which are inserted upon the thallns on both sides 
of the middle line, can also be wanting. The median scales, often 
purple-coloured, alternate with one another, their edges overlap 
in the middle line. Together with median or laminar scales, or 
with the former only, arise out of the frond fine rhizoids, which, 
covered by the scales, and following their insertion, attain to the 
mid-rib, and here run further forwards in bundles. It is the 
median and laminar scales which produce the striation on the 
under side of the thallns, which we have already observed with 
the naked eye. 

If we examine the dorsal [upper] side of the thallus with the 
lens, this appears to be divided into small diamond-shaped areas. 
The limits of the areas are dark-green, the areas themselves 
appear more grey. In the middle of each area a dot-like opening 
is visible. We now examine, with stronger magnification, a sec- 
tion which is taken parallel to the dorsal side of the thallus. We 
see that the outer cells of the dorsal surface are polygonal, firmly 
united together, and contain numerous large chlorophyll gi'anules. 
The boundaries of the areas show clearly ; each area has its centre 
occupied by a round opening, which is sm^rounded usually by four 
narrow cells containing no chlorophyll, and curved into the form 
of a crescent (Fig. 72, A), Where the section is somewhat thicker, 
air is seen to be collected under the free outer surface of the area. 
Into this air space, the air-chamber, project chlorophyll-containing 
threads of cells. The walls bounding the air-chamber laterally 
are constructed of closely- combined cells. These walls are uni- 
te multi-lamellar ; their cells contain chlorophyll. Single cells of 
the surface, and also of the interior, are distinguished by a 
highly-refractive, irregularly-outlined, grape-like body. These 
bodies in the younger shoots are slightly brownish, in older are 
coloured brown, contain mostly fat oil, and form the so-called 
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oil-bodies of the Liverworts.^ The cells which contain such a body 
show no other formative contents. Surface-sections taken from 
tbe ventral side of the thallns show no division into areas. 
The cells are here more elongated and poorer in chlorophyll 
than on the upper si^e. The rhizoids which sprii^ from the 
ventral surface, show a double striicture. They are more slender, 
and provided with peg-like projections into the interior, or thicker 
and without such thickenings. Those with the peg-like projec- 
tions arise out of the frond as far as the median or laminar 
scales, or only the former, extend. They lie close to the frond, 
and follow the mid-rib in bundles, covered by the scales. They 
serve, perhaps, the purpose of stiffening the thallus. 



Fio. 72.^Marehantia polym>orj/ha. A, an air-opening from above. B, in cross-section 
(x 240). 

The slender rhizoids proceed chiefly from the midrib, and turn 
at an acute angle towards the substratum, to which they fix 
the thallus. At their apex they often appear sinuately lobed, at 
the base commonly purple-coloured. All ventral scales are uni- 
lamellar, the median consist of still living cells, the laminar and 
marginal scales of cells which quickly die. — ^A cross-section through 
the thallus shows us on the dorsal surface first a zone of chloro- 
phyll-containing tissue. The interior of the thallus is composed 
of broader cells, almost free from chlorophyll. In the walls of 
these cells stellate broad elliptic pits are to be seen. At the ven 
f ral surface the two last layers of cells are again narrower, flatter, 
rich in chlorophyll, and form the so-called ventral cortical layer. 
Oil-bodies are scattered through the entire tissue. Other individual 
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cells are noticeable from their size and highly refractive contents; 
these are the mucilage-cellSi which in Marchantia are feebly, but 
in other Marchantiaceas are more strongly, represented. — A closer 
study of the outer layers, rich in chlorophyll, of the dorsal surface, 
completes the conception which wp had obtained from the surface- 
viQW. Outermost we see a single layer of flat cells, which pro- 
ceed from the walls bounding the air-chamber laterally, free over 
the chamber. In the midst of the free outer wall is found the 
air-opening [the so-called stoma], which is surrounded by several, 
from four to eight, tiers of cells ^ (^ig* "72, B), The opening is 
narrowed at its upper and under apertures, especially at this 
latter, and therefore shows with a barrel-shaped form. The cells 
of the uppermost stage are prolonged into a membranous border. 
As the air is very strongly retained in the air-opening, and the 
structure is thereby made indistinct, it is desirable previously 
to pump the air out of the preparation. Into the air-chamber 
project from below threads of cells, two or three cells long, and now 
and again branched. These threads are especially rich in chloro- 
phyll ; they arise from the flat cell-layer next below, which is 
poor in chlorophyll. On the ventral side of the thallus we see 
on the midrib the lateral, alternate overlapping of the median 
scales. Between the scales lie the cross- sections of the bundle of 
rhizoids. Median longitudinal sections show the insertion alike 
of the stronger ordinary rhizoids, turning off at once from the 
thallus, and the " pegged " rhizoids overlying the midrib, 

A very simply constructed, and in many respects very instruc- 
tive, thallus is that of Metzgeria fwrcata} This inconspicuous 
plant is met with on the cortex of leafy trees [is cosmopolitan, and 
very variable]. The thallus is riband- like, bright-green, bifurcate, 
and traversed by a midrib visible even with the naked eye. Apart 
from this midrib, the thallus is unilamellar, as can be readily 
proved under the microscope. It consists of polygonal cells, 
richly provided with elongated chlorophyll- grains. The narrow 
midrib projects from the ventral [under] surface much more 
strongly than from the dorsal [upper] surface. It consists, 
passing from above downwards (as can be readily proved by focus- 
sing to different depths)^ of broad, slightly elongated, then of 
narrow, elongated, and finally again of broader cells. The two 
outer layers of cells contain chlorophyll, the inner, on the other 
hand, do not. At the growing-point arise, from the ventral surface 
of the midrib, some rather short club-shaped hairs, at their for- 
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ward end filled with higHy refractive contents. From older parts 
of the midrib, and also from the marginal cells of the thallns, arise 
bristles, which, under favonrable circnmstances, can at their 
extremity give rise to a lobed suctorial disk, and then functionate 
as rhizoids. These bristles always stand at the hinder end of the 
cell (i.e., most removed from the growing point), from which they 
are cut ofE by a curved partition wall, which does not pass through 
the entire height of the cell in question, but only cuts off a comer 
or angle from it. As the cross-section shows, the inner cells 
of the midrib are distinguished by somewhat more strongly 



Fio. 73.— Apex of a shoot of Mtfttgeriafuroalta. t. Apical cell ; •t-«^ii. gaooestive tegmanto ; 
mi. margrinal cell of the first, ma, of the eecond grade ; pi sarrace-cell of the first grade ; u, 
inner cells of the midrib ; e, clah-shaped hairs. The figure drawn by focussing into the 
inner cells of the midrib ( x 640) . 

thickened glancing white walls, appearing almost collenchymatous 
[c/. footnote to Polytrichum, p. 192]. In the most instructive and 
easy manner the processes of division in the growing point of 
Metzgeria can be followed.* The growing apex of Metzgeria 
shows a comparatively slight depression'. The base of this apical 
sinus, close up to the place where the midrib commences, is 
occupied by the apical cell. We examine it from the dorsal sur- 
face of the thallus, in order not to be disturbed by the club- 
shaped hairs. The apical cell is wedge-shaped (Fig. 73, t). It 
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has the form of an isosceles triangle, with the base directed 
forwards (outwards), and usually somewhat convex, and slightly 
arched side-walls. It divides by walls which are parallel with 
its side- walls, and, thus developing, gives off segments right and 
left («), and therefore all lying in one plane. 


NOTES TO CHAPTER XVIII. 

» Compare P. G. Lowntz, Jahrh, /. wits. Bot, Bd. VI., 1867-8, p. 363 ; 
Goebel, Qrundriu der syttematUehen und tpeciellen Pflanzenmorphologief 1882, 
p. 184 (for the literatare see also on p. 179); recently also G. Fritsche, 
Ber. d. deutsch, boU Gesellf I. Jahrg, p. 88; Haherlandt, ditto, p. 263; and 
Oltmanns, in Cohn's Beitr, zur Biol. Bd. IV. p. 1. 

' Compare Leitgeb, Untersuch. ilb. die Lehermoose^ VI. Heft, 1881, where the 
-other literature is to be found. 

» Pfeffer, Die Oelkdrper der Lehermoose, Flora^ 1874, No. 2. 

♦ Voigt, Beitrag zur vergl. Anat, der Marchantien, Bot ZeiL 1879. Col. 729. 
Compare Leitgeb, Unters, Ub, die Lebermoose^ Heft. III., p. 34, where also is 

the other literature. 

• Compare Kny, Jahrb. f. wias, Bot Bd. IV., p. 85. 
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CHAPTER XIX. 

VEGETATIVE STRUCTURE OF FUNGI, LICHENS, AND ALQM. 
STAINING THE CELL-CONTEKTS. 

Material Wanted. 

Mnshroom {Agarictie campesti-is). Fresh. 

A Lichen, such as Pa'tinelia {Anajptychia) cillaris, common on trees. 

Fresh. 
Cladophora glomerata,* A common fresh- water Alga. Fresh. 
Spirogyra majuscula,* or other similar species. Fresh. 

The vegetatiye organs of the Fung^ consist, apart from a iinmber 
of the simplest forms, of elongated, thread-like, more or less 
copiously branched elements, the Hyphao. These are either with- 
out partition walls [unsestate], unicellular throughout their 
entire body; or, by means of partition walls [septa], seg- 
mented into a number of consecutive cells. Moreover, the most 
massive fungal structure is composed of such hyphas, then very 
much interwoven with one another. The hyphse can indeed, in 
many cases, become so firmly united, side by side, that a tissue is 
produced^ which, as pseudo-parenchyma, delusively imitates the 
appearance of the parenchymatous tissue of the higher plants. 
The pseudo-parenchyma, however, is a product of the union of 
cell-threads, and not the result of cell- division taking place in 
three planes. In order to inform ourselves about this kind of 
structure, we take the fruiting body of a hymenomycetous fungus 
as subject for investigation. We choose the spore-producing 
body of the Mushroom Agaricus campestris, because the fungus 
can now be obtained at any season of the year, and shows, besides, 
a comparatively simple structure. We prepare first a delicate 
longitudinal section, from the stalk of a fully-developed speci- 
men. We recognise clearly a structure of longitudinally disposed 
hyphoB, and can readily tear the section in longitudinal direction 

• This, and many other Algis, etc., can nsnally be obtained from T. Bolton, 
NewhaU Street, Birmingham. [Ed.] 
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•with the needles. The hyphes are directed more or less parallel 
to one another; single ones ran obliqnely between the others. 
Each hypha forms a cell-thread, which is branched here and 
there by the formation of side-branches. These arise either close 
under a partition- wall, or else lower down on the side surface. 
Here and there we come across a " blind " end of a branch. The 
cells of neighbouring hyphee not infrequently appear connected 
by a horizontal branch, and openly communicate with one another. 
In the periphery of the stalk the hyphae are narrower, and at 
the same time more closely pressed together; just under the 
surface the walls become brown, and their cavities n^ore or less 
completely collapse* Towards the middle of the stalk; likewise 
the hypheB become smaller, but their texture much looser, and, 
at the same time also, their course quite irregular ; great masses 
of air here fill up the interspaces between the hyphse. So long 
as the destructive influence of water has not made itself felt upon 
the contents of the hyphoB, very little of these contents is to be 
noticed ; only at the cross-walls does it show, here and there, 
more markedly collected. Later on large vacuoles begin to form 
in the cells. Here and there small crystals are met with in the 
cells. 

The cross-section of the stalk has a parenchymatous appearance, 
which is only lost in the middle parts of the section, where the 
hyphsB also offer their side views. This pseudo-parenchymatous 
tissue appears as if composed of unequal, irregular polygonal 
cells, which leave between them more or less 
numerous inter-cellular spaces and gaps (Fig. 
74). On careful examination of the section, 
we notice close in the middle of many cells a 
refractive point (c/. the figure). The section 
has here grazed a cross- wall, and the middle 
point shows the position of a pit, which is 
clothed, on either side of the partition wall, 
with a small collection of a highly refractive Pig. 74.— Jgan'cus cam- 
substance. Such pits in the centre of the LtlJ'nt.^ugu'th'etSS: 
cross- wall are universally distributed amongst in two hyphse the section 
Basidiomycetes and AscomycetesS. The cells |r^f~trJi''poJ^ 
of'the hyphaB contain in the peripheral proto- be seen upon them (x 
plasm, numerous very small nuclei, which, • 
however, are not easy to see, and the method of identification of 
which we shall postpone. 
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Upon tlie stmctore of the stratnm (thallus) of Idchesu, we 
shall best obtain information by Anaptychia (Parmelia) dliaris, 
universally distributed on tree stems. The thallus itself is erect, 
leaf-like, and shrubby [f oliaceous-fruticose] ; on the dorsal [npper] 
surface, grey-green to bright green; on the ventral [under] surface 
grey. From the edges of the thallus arise stiff cilia, which often 
become lobed at their ends, and, where they extend to the sub- 
stratum, adhere to it. We hold a piece of the thallus between two 
pieces of elder-pith, and cut cross-sections through it. By a 
sufficiently strong magnification, we see that the thallus consists, 
on its dorsal surface, of closely interwoven, thick- walled hyphee. 
These form the so-called rind, or cortical layer. Passing further 
inwards, Ihe curves of the hyphas separate from one another, in 
order to form the looser central layer. We can readily decide 
that the hyphsB are long sacs, branched from 'time to time, and 
divided by cross- walls. At the limits of rind and central tissue 
lie scattered comparatively large, green, globulal* cells, the Gonidia. 
They correspond with the alga Cystococcm humicola l^ChhrO" 
coccum humicolurri]. The hyphad fit closely to the gonidia, and 
carry to them the crude sap, for which they receive in return a 
portion of the substances assimilated in the gonidia. There exists 
here a symbiosis, a conjoint existence of fungus and alga, which 
is based upon reciprocal service. At the under sui-face of the 
thallus of Anaptychia the fungal hyphsB again interlace more 
closely, so as to form a kind of under rind; or this closer combina- 
tion does not exist, and the looser central tissue extends to the 
ventral surface. This latter is in general the case. At the edges 
of the thallus, however, the rind of .the dorsal surface, in all 
cases, extends underneath to the ventral side. From these edges 
arise, as we have already determined macroscopioally, the fixing 
cilia (rhizines), which now can be made out to consist of parallel 
closely-combined hyphee. The walls of these hyphsB hare a 
l)rownish colour. At their base the threads often fork. In other 
Lichens the rhizines are apt to spring mostly from the ventral 
surface of the thallus. Chlorzinc iodine stains the walls of the 
gonidia immediately a beautiful blue, while the hyphsB only 
appear yellow to yellow-brown, showing the reactions of the 
so-called fungal cellulose. 

In Anaptychia dliaris we have a Lichen with what is called a 
layered or heteromerous thallus, so called because the gonidia 
form a special layer in the thallus. In more lowly organized 
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lichens the thallns is homoiomerotlS, t.«., the gonidia are distributed 
through the whole tissue. To. the last belong also the Gelatinous 
lichens, in which the gonidia lie in a translucent jelly, which is 
penetrated by the hypha9 of the fungus. Moreover, the AlgsB, 
which take part in the formation of the lichen-th alius, differ 
according to their species, are coloured green or blue-greeu, but 
belong almost exclusively to the lowest 
divisions of the Algse. 

The CladophoresB^ present themselves 
to us as abundantly branched green 
threads, whose segments decrease in 
thickness with the grade of the branch- 
ing. They are the most widely dis- 
tributed of all fresh- w>ater alga), and any 
species is suited for examination. The 
determination of species is, however, 
very uncertain in this genus. We select 
a dark-green, undulating, tuft-forming 
Cladophora glomerata for further examin- 
ation. This is corymbosely branched, 
the side-shoots arising, as in all other 
CladophoreeB, from the upper end of the 
constituent cells. The branching pro- 
ceeds acropetally, so that the end cells 
of the branches act as apical cells. Sub- 
sequently branches arise also from the 
older segments, producing what we may 
call adventitious shoots. With sufficiently 
strong magnification, the green peri- 
pheral protoplasmic layer of the oells 
shows to be composed of small polygonal 
plates, the chromatophores (Fig. 75, ch), 
separated by delicate colourless lines. 
In each plate more or less numerous 
pale grains (of starch) can be seen ; be- 
sides these, in some plates, lie compara- 
tively large, more or less regularly 
globular bodies, more strongly refractive, which are generally 
known as amylum-bodies, and more recently as pyrenoids* (p), 
and in which an inner grain is more or less clearly distinguishable 
from an outer layer. The cells are seen to be filled internally with 



Fia, 76 ,*— Cladaphora gloiM' 
rata, A cell of a thread from a 
chromio-carmine preparation. 
9, a nucleas; eh, ohroxxiato* 
phores (colour-bodies) ; p, amy- 
lom-bodiesCpyrenoidB); a, starch 
grains (x 640). ^ 
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cell-sap, which is traversed by colourless, exceedingly thin proto* 
plasmic plates, which, proceeding from the peripheral layer, divide 
the cell cavity into irregfular, nneqnal, polygonal chambers. Here 
and there chromatophores [cdonr-bodies] can be seen in the 
inner protoplasmic plates. By focussing so as to get an optical 
section, it will be seen that colourless protoplasmic balls here 
and there project from the peripheral protoplasm into the cavity 
of the cell. These are -the nuclei, in which, in especially favour- 
able situations, a nucleoliui can also be distinguished. In Glado- 
phora, as is clearly proved by this examination, we have to do 
with multinuclear cells. If now the preparation is somewhat 
firmly crushed, we see in the flattened cells, the contents of which 
are somewhat withdrawn from the walls, the individual chloro- 
phyll-plates, separated from one another, and rounded. At the 
same time the small grains and amylum-bodies show up clearly 
in the chromatophores, which now appear, like the chlorophyll- 
grains of higher plants, acted upon by the water. If we now 
add a little potassium-iodide-iodine solution to the preparation, 
the small grains, and also the outer layer of the amylum-bodies, 
colour violet ; in the green chromatophores, however, they appear 
brown, and the partially visible nuclei also take a brown colour. 
We must not omit in this preparation to look out uninjured cells, 
in which starch-grains and amylum-bodies are stained in their 
natural position, and aire very well defined, ajid we can also, by 
deeper focussing, distinguish the nuclei. We now examine another 
thread, which we lay directly into a drop of picric-alcohol, when 
the nuclei of the amylum-bodies are sharply defined in the 
yellowish-brown stained protoplasm. Sufficiently strong magni- 
fication presupposed, these bodies appeal^ angular ; they are protein 
crystals,^ of which, moreover, two not infrequently lie in an amy- 
lum-body. After a short time irregular brown bodies appear in the 
chlorophyll-plates, which proceed from the disorganized chloro- 
phyll, and give us the hypochlorin or chlorophyllaiL reaction «. The 
same reaction will be obtained under the influence of other acids. 
However, in order to be able to study the nucleus more closely, 
and to obtain a complete insight into their distribution, we will 
bring other methods into use. This will besides give us oppor- 
tunity of learning some approved methods of " fixing " and 
staining, which histological studies have, in recent times, to thank 
for not unimportant advances. We place some branches of the 
Cladophora in 1 per cent, chromic acid, other small portions in con- 
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centrated picric acid, still others in 1 per cent, clii'oin-acetic acid 
(chromic acid 0*7 per cent., acetic acid 0*3 per cent.) 7. In doing 
this, we must take care that the reagent is at least 100 times the 
hulk of the ohject to be fixed. Thp 1 per cent, chromic acid, and 
the chrom-acetic acid, we allow to act for some hours, even without 
disadvantage for 24 hours, and the picric acid for about 24 hours. 
All these objects must afterwards be washed most carefully in 
distilled water; they can -with advantage remain for up to 24 
hours in water which is frequently changed. Specially caref al 
treatment is required by the picric-acid preparations when they 
have to be stained with haBmatin-ammonia. — The variously 
" fixed " and well- washed preparations are now laid in watch 
glasses with Beale's carmines,® with Thiersch's or Grenacher's 
borax-carmine, and also with Hoyer's neutral carmihic-ammonia. 
In Beale's carmine the sections must remain for up to 24 hours, 
about half the time in Hoyer's carmine, several hours in bcH^x- 
carmine. Another portion of the threads we stain with Grenacher's 
or Boehmer's hsematoxylin [logwood], which, if it is to stain well, 
must be as old as possible. This solution is ased very greatly diluted. 
It is best, from time to time, to control the extent of the staining of 
the object by slight examination under the microscope, and to take 
it out when it has taken up sufficient colour material.* If, in 
spite of this care, the object should be overstained, that is should 
be stained too darkly, it is laid in pure water, or in watery alum 
•solution, or in water containing a trace of hydrochloric acid, and 
left in the fluid in question until the intensity of the coloration 
is diminished to the required degree. If the preparation has been 
treated with acidulated water, it is necessary afterwards to wash 
the preparation for some minutes in very weak ammonia water. 
In order to be able to stain the preparation according to the 
hsBmatin-ammonia method,® we must have previously removed 
from it every trace of picric acid. For this purpose we transfer 
it to a comparatively large quantity of. boiled water, which we 
repeatedly change. In this water, freed from carbonic acid gas 
by its previous boiling, the object remains for from 24 to 48 hours, 
after which it can be stained. For this purpose we throw some 
crystals 6f hsematoxylin in a small quantity of distilled water, 

* This is perhaps best e^poted if, instead of staining in a watch-glass, the 
process is carried on upon an object-slide, in which a round or oval hollow has 
been ground. The slide can be placed bodily on the stage of the microscope, 
and is handier in use for this than a watch-glass. [£d.] 
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and aSrate it with ammonia gas. This latter we Q&edt with the 
aid of a wash-bottle containing some ammonia solution, in which 
the two glass tubes do not reach the fluid. The heematoxylin now 
dissolves with a beautiful violet colour. The solution is greatly 
diluted with distilled water, and the preparation allowed to lie in 
it for about two hours. The exact time for coloration can here 
also be directly controlled. The preparation is, with advantage,^ 
somewhat overstained, and afterwards steeped for several hours 
in distilled water. This method of staining is somewhat trouble- 
some, but often gives, however, the most exquisite results. Pre- 
parations hardened otherwise than with picric acid, are little 
suited for staining with hsematin-ammonia. The preparations 
treated with Beale's carmine, with borax-carmine, or with Hoyer's 
carmine, are likewise most beautiful when they are overstained, 
and afterwards laid for some time in a watch-glass, in 50 per cent, 
to 70 per cent, alcohol, to which is added a drop of hydrochloric 
acid. (For this purpose we can keep ready prepared a solution 
of about ^ per cent, hydrochloric acid in 70 per cent, alcohol.) 
Previously these prepamtions show a more or less diffused color- 
ation ; they first acquire a definite staining in the hydrochloric- 
alcohol. The preparations laid in acidulated alcohol are in all 
cases washed afterwards with alcohol containing no acid. 

If after completed examination we wish to make permanent 
preparations of the stained objects, we choose for our prdserving 
medium either glycerine or glycerine-jelly, or, for carmine prepa- 
rations, Hoyer's mounting fluid. If the haBmatoxylin stain is to be 
preserved in glycerine or glycerine- jelly, this must be completely 
free from acids. The foregoing preparations must not be trans- 
ferred immediately to the enclosing medium, in question, as other- 
wise the cells, as the result of sudden withdrawietl of water, would 
collapse. These preparations are, therefore, first laid in very 
dilute glycerine, which, by standing exposed to air, very slowly 
concentrates. The threads can then, without prejudicial results, 
be transferred to glycerine, or to glycerine-jelly. The glycerine 
preparations are closed with Canada balsam. The glycerine- jelly, 
or Hoyer's mounting fluid, needs, as we have already seen, no 
further enclosing. 

We will now submit the various preparations to close study, 
and find that the chromic acid, or chromic acid mixture, prepara- 
tions, stained with forms of carmine on the one hand, and pre- 
parations which are suitably fixed and stained with haBmatoxylin 
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and haBinatin-ammonia on the other hand, show themselves in the 
foregoing cases to be the best. It must, however, be explicitly 
stated that this result is limited only to the objects in question, 
and for other objects another method, which here is less advan- 
tageous, might have the preference. It also happens only too fre- 
quently that a stain formerly approved fails for unknown reasons, 
and, therefore, a conclusion should never be based upon an isolated 
case. In general, the fixing and staining of the cell-contents has 
become a special art, which must be learnt, and requires practice, 
so that in our first atteinpts we must be prepared for failures. 
"We have chosen Gladophora as a suitable object for introduction 
to the various methods of hardening and staining ; whoever wishes 
to limit himself to the most certain, rarely failing, method, will 
harden in the above way in 1 per cent, chromic acid, and after- 
wards stain, one part with borax-carmine, another with hema- 
toxylin. The borax-carmine stain almost always succeeds. 

In the borax- carmine preparation (Fig. 74), the nuclei stand 
out quite sharply. The amylum-bodies (pyrenoids), together with 
the rest of the protoplasm, remain as good as unstained, and the 
starch-grains also take no coloration. The amylum-bodies now 
show clearly in their interior the more strongly refractive protein 
crystal, which is surrounded by a hollow ball, which gave us 
earlier the starch reaction with iodine. The nuclei, to which we 
specially turn our attention, are distributed pretty uniformly in 
the cell ; they lie on the inner side of the chlorophyll-layer, and 
project into the cavity of the cell. Each nucleus shows a more 
darkly- stained nucleolus, and appears, besides,, as if finely granu- 
lar or finely porous. The haematoxylin or heematin preparations 
show the nuclei stained dark, and besides, though more faintly, 
the crystal in the chlorophyll- vesicle. The starch -grains are not 
stained, but on the other hand the microsomata (microsomes) of 
the cell protoplasm are, and almost as darkly as the crystals of 
the chlorophyll- vesicles (amylum-bodies). 

The genus Bpirogyra furnishes us with a simple filament or 
thread of cells. We choose for examination a species which has 
a Central, readily- visible nucleus. So constituted, for example, 
is Sjpirogyra majuscula^^ [8, ortTtospira], which is met with now 
and then, not exactly rarely, but sporadically, in pools. For 
this purpose other species with central nucleus will serve equally 
well for examination, and will differ but slightly in the essential 
relations of their structure. If once in possession of good 
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Spirogyra material, you shoald endeavour to preserve it in culti- 
vation. This is effected best in comparatively shallow vessels, 
whose walls are either opaque, or are made opaque by means of 
black paper, as light falling unilaterally acts disadvantageously. 
The vessels must stand in a light place, but protected from the 
direct action of the sun. Into either river or spring water, which 
is not too rich in chalk [too "hard"], are thrown from time 
to time boiled pieces of turf soaked in a nutrient fluid. This 
nutrient fluid will be prepared suitably if we add to 100 ccm. water, 
1 gram nitrate of potash, ^-gram sodium chloride, |-gram sulphate 
of lime, |-gram sulphate of magnesia, ^-g^am finely pulverized 
phosphate of lime (of this latter salt, only a trace is soluble) .^^ 
Under such circumstances the Spirogyra, and fresh- water algae 
in general, thrive well. The cells of Spirogyra majuscula, when 
fully developed, are about 1| to twice as long as thick (Fig. 76). 

The cell- wall is lined by a de- 
licate, colourless, peripheral 
layer of protoplasm, which 
becomes clearly visible if the 
cells are plasmolysed, i.e., if 
the protoplasmic body of the 
cell is made to contract by 
some water- withdrawing me- 
dium, such as sugar-solution, 
glycerine, solution of common 
salt, or of salt-petre. To the 
colourless lining-layer follow 
8 to 10 chlorophyU-bands, 
which usually appear pretty steep and closely wound. The bands 
have a finely undulating outline, and are transparent enough 
to admit of a view into the interior of the cell. At irregular 
distances in the bands are imbedded denser, globular, colourless, 
bodies — ^the amylum-bodies with which we are already acquainted. 
The amylum-bodies show a protein-crystal, and a hollow globe 
of small starch -grains as an enclosing sheath. We know the 
angular outline of the crystals even without reagents; they 
stand out more sharply if some picric alcohol is run under the 
cover-glass. By treatment with potassium-iodide-iodine, from the 
conjoint staining of the starch-sheath and the protein-crystal, 
the whole body appears dark-brown. The central nucleus in this 
species is spindle-shaped; it becomes, nevertheless, by pressure 



Fie. 76.— Spirogyra m<^*useula. A cell of a 
thread gradually f ocussed into, showing there- 
fore, heudes the chloroph.vll-bands, the nucleas 
with its BOBpending threads (x 240). 
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upon the cell, brought out of its position and visible from its side, 
and then presents the form of a disk ; it has, therefore, in reality, 
the form of a bi-eonvex lens. In its centre lies a large distinct 
nucleoltis; seldom two or three such bodies are distributed sym- 
metrically in the interior of the nucleus. In other more nearly- 
allied species the nucleus is thicker, and appears in its natural 
position in the cell as rectangi^ar with rounded comers. The 
nucleus is surrounded hj a very thin layer of protoplasm, from 
which delicate protoplasmic threads run out towards the peripheral 
protoplasm of the cell. By these threads the nucleus is suspended 
in the cell-sap filling the cavity of the cell. The threads all arise 
from the thin margin of the nucleus, usually fork repeatedly 
in their course, and join on to the inner side of the chlorophyll 
bands, and in all cases at the projecting parts which cover the 
chlorophyll- vesicles (pyrenoids). We can convince ourselves of 
this in most cases easily by slowly changing the focus. 


NOTES TO CHAPTER XIX. 
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pp. 49 et seq. 
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p. 218. 

' Schmitz, Siphonoeladiaceent p. 17 ; Strasborger, Zellbild. u. ZeUth.^ HI. 
Aofl., p. 204. 

* Schmitz, Chromatophoren d. Algen, p. 37; compare also pp. 16 and 36. 

* According to a communication from A. W. Schimper. 

* Pringsheim, especially in the Jahrh. fiir wist. Bot,, Bd. XII., p. 294; A. 
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* Gotnpare Schmitz, Stzbr. d. niederrh. QeselUch., 18th July, 1880 ; separate 
reprint, p. 2. 

^° Strasburger, Zellbildung und Zelltheilung, III. Aufl., p. 173.. 
1^ Nutrient fluid, according to Sachs, Vodesuugen fiber Pflanzen-Physiologiet 
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CHAI^TER XX. 

DUTOMAOT^, PROTOCOOOUS, YEAST, SCHIZOPHYOE^, (SPLITTING 

ALQtM). 

Mateela-l Wanted. 

Some large diatom, e,g*, Pmnularia (Natficula) viridie. Living. 

Proiococc^8 viridis, from a tree trunk. Living. 

Yeast (SaccJioTomyces cereviaicB), from a brewery. Living. 

Anahcena AzoIIcb, or Azolla caroliniana. Living. 

Oacillana, sp., from standing water or wet soil. Living. 

Qleoca^psa, sp., from damp walls, or the glass of a fernery. Living. 

The Diatomacesd or BacillariaceaB are nnicelliilax organisms, occupy- 
ing an intermediate position between animals and plants, and form 
an isolated group. The most favourable object upon which to get 
information as to the structure of the Diatomaceaa is, perliaps, 
Pmnularia {^Navicula'] viridis,^ a species very common in standing 
and flowing [fresK] water. It is distinguished amongst fresh- 
water forms by its comparatively large size, and allows in general 
an easy insight into the structural relations of its body. Under 
the microscope, in which we must study them with the strongest 
objective at our command, they appear either in the form of an 
elongated ellipse or as a rectangle with somewhat rounded ends. 
In the former case, we see them from the side of the valve 
[fimstiile] (Fig. 77, A), in the latter, of the girdle [or joint of the 
valyes] (Fig. 77, B). We will call these the valve'Side and girdle- 
side respectively. On the valve-side, the cell- wall appears marked 
with narrow furrows, running from the edges towards, but with- 
out reaching, the middle (compare the figure). They are usually 
considered to be depressions in the outer surface of the -valve, i.e., 
thin places therein. The central, smooth space, free from the 
furrows, shows at its middle and each end, a strongly refractive 
thickening, which we distinguish as a nodule. The two end 
nodules are joined to the median nodule by a line, which bends out 
symmetrically close on either side of the median nodule, and 
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^nds in a slight enlargement. The end nodules are surrounded 
bj the ends of the line in the form of a crescent, to permit which 
the lines bend out at both ends laterally in the same direction as 
at the median nodule. In its course between the nodules, the line 
broadens a little. We assume that it is a cleft leading into the 
interior of the cell; it is the raphe. The furrows do not pass pn 
to the girdle side (j^) ; we see them only at the edges of the figure. 
By focussing for the optical section, and careful examination of 
the ends of the cell, we pan demonstrate the remarkable fact that 
the middle line of the wall is double. From exhaustive inresti- 
gation, it is settled that there is here an overlapping, box- wise, of 
the separate parts of the wall. At the edges of 'the two elliptic 
wall-segments, which we saw in the view of the valve-side, 
portions of a membrane adjoin, which end with free margins. The 
wall of this cell, therefore, consists of two halves, of which the one 
is inserted inside the other. The structure of this wall indicates 
throughout that of an elliptic box with a cover placed upon it. 
The side walls of the cover are just as high (deep) as those of Hhe 
box, but they are not completely slipped the one into the other. 
If we return, in our cell, from the optical section to the surface 
view, we can follow the thin edges of the two halves of the cell as 
delicate lines. The grooved surfaces of the cell-wall we distin- 
guished as valTes, the smooth free-ending side walls as girdles, 
whence the use of the terms in question to indicate the two views. 
In Pinnularia it is easy to free the one half of the cell- wall from 
.the other by pressure or by chemical reagents, and, moreover, here 
and there dead specimens are found in which this process has 
more or less completely taken place. With pressure the girdles 
easily break at some little distance from their edge, and along a 
line parallel with it. These lines, one near each edge, and there- 
fore two in girdle- view, are ofteu recognisable, and may be thin 
parts of the girdle. They do not extend to the ends of the cell. 
The contents of the cell present a somewhat different appearance 
fbccording to whether we have a valve- or girdle- view. In the 
former (Fig. 77,-4), a median clear strip traverses the cell from 
end to end ; the colourless cytoplasm of the cell is therefore visible. 
In the mid-length of the cell it appears collected into a bi-concave 
protoplasmic bridge. In this "bridge" lies the nucleus, not 
always readily visible without the use of reagents, and with a 
comparatively large Auoleolns. Bounding both sides of tloAs j;lear 
bandy with a tolerably smooth or undulating outline, are the brown- 
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colonred chromatophores (colour-bodies), the endochrome plates. 
These lie, therefore, on the sides of the girdle. In the proto- 
plasmic "bridge " can be seen narrow rodlets, connected in pairs, 
the meaning of which is nnknown. Lastly, in the oell-sap lie 
nsually, bnt not always, larger and smaller oil-drops. In the 
girdle-view the cell-body appears uniformly brovm, because here 
the chromatophore covers the whole colourless peripheral proto- 
plasmic layer. Only at the two extreme ends of the cell does 
the coloxirless protoplasm come to view. The chromatophore is 
uniformly dense and uniformly coloured, 
without visible differentiation. In girdle- 
view also the central collection of proto- 
plasm appears to have the form of a 
bi-concave bridge. 

If we examine now our former pre- 
paration of Gladophora, we are pretty 
certain to find diatoms clinging to this 
alga. They were fixed and stained at 
the same time with the alga, and we 
shall see the stained nucleus beautifully 
in each cell. 

Amongst a large number of examples 
of Finnularia we may here and there 
find one double. These are sister-cells, 
which have recently resulted from the 
division of a mother-cell. They cling to 
one another with their valve sides, and, 
if ihe wall is fully developed, we can 
determine that the girdles of the two 
inner valves are inserted in the two 
outer valves. After division of the con- 
tents of the mother-cell, these inner 
halves of the wall are developed for 
each individual. - Each cell, therefore, has an older and a younger 
half of its wall [i.e., one valve, the outer one, belonged to the 
mother-cell, and the other, inner valve, is peculiar to the present 
individual], and this consideration shows that the difference of 
age between the two valves may be very considerable. 

The Finnularia cells are motile. They commonly progress in 
the direction of their long axis, either uniformly or by jerks, also 
turning off now and then laterally from their path. They do not 



Fig. 77.— Pinnttlana inridii, 
A, View of the valve-Bide. B, 
View of the girdle-side ( x 640 ). 
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swim free, but ratlier creep on some substratum, and it is there- 
fore probable that from the line indicated as a cleft, which we 
saw in the middle of the valves, a delicate protoplasmic edge is 
protruded, and forms the organ of movement as a kind of pseudo- 
podiom. 

We now place a preparation of Pinnularia on a plate of mica, 
and heat it over a gas or spirit flame. We then lay the plate of 
mica [wjien cold] upon our object-slide, and observe the prepara- 
tion dry, but under a cover-glass, with strong magnifying power. 
We can see that the Finnula/ria remain as perfect skeletons. With 
short heating they become somewhat brown, from the carbonized 
organic substances; with longer continued heating they are coloxir- 
less. Hydrochloric acid does not touch them; they consist of 
silicic acid [like flint], and retain and show the finest peculiarities 
of the cell- wall, which must therefore have been silicifi.ed in a 
high degree. The furrows show in this preparation very clearly 
as dark striaB, and are besides extremely good for studying the 
structural relations of the wall. Especially beautifully visible in 
valve- view are the clefts, which run on both sides from the median 
nodules to the terminal nodules. Their enlargement at mid-length 
is manifest. In the girdle- view the edges of the two halves of the 
cell- wall show clearly ; moreover, on the overlapping parts are seen 
two lines, parallel with one another and with the edges of the valves, 
which do not extend to the ends of the cell. Flint-skeletons quite 
as beautiful as these are also obtained if we first allow a drop of 
concentrated sulphuric acid to act upon our diatoms, and after some 
time add 20 per cent., and then gradually concentrated chromic 
acid, and finally remove these reagents with water.* Diatom 
valves which are poor in silex (flint) will neither bear heating red- 
hot, nor this last method of procedure ; they must instead be laid 
for from four to seven days in hydrochloric acid, to which a little 
chlorate of potash has been added. In case the valves are still 
not quite clear and separated, it is advisable after this to lay them 
for two days in ammonia, and afterwards transfer them to nitric 
acid. 

The remarkable phenomenon of the composition of the cell-wall 
out of two pieces is, moreover, present in the other Diatomaceaa. 
Similar motility is likewise observable universally in the free 
living forms. Even many which grbw upon and enclosed in a 
gelatinous tube, are, if freed, capable of movement, while this 
appeao;^ to be usually wanting in thread-forming species. On 
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accoiint of the often exceedingly delicate [and regnlar] stractnral 
relations of their cell-walls, diatoms are much used as test objects, 
in testing the quality of the more powerful microscopic objectives. 
Especially used are the valves of Pleurosigma angulatum, which, 
with suflB.ciently strong magnification, shows regularly arranged 
hexagons. 

In order to come to know one of the simplest possible forms of 
the unicellular green algea we will examine a Protococcus. To this 
belong in the main all the green incrustations which are found on 
the stems of trees, damp boards [e.gr., wood palings, etc.], walls, 
and other similar places. In this let us note that it is quite un- 
certain whether our Protococcus is 6ii independent species, or is not 
rather to be considered a stage in the development of another 
alga.* The form (Fig. 78), which we have removed from an old 
tree trunk comes under the name Protoccocus viridis. We examine 

this with a strong 
magnifying power, 
and find it composed 
of globular cells, iso- 
lated or united into 
small families (Fig. 
78, A to F). The 
contents of the cells 
are bright green, but 
the whole protoplasm 
is not uniformly col- 
oured, but rather, as 
sufficiently strong 
magnification shows, a 
number of chromatO- 
phores are present, which, in lateral contact, occupy the surface of 
the cell-contents. Where their contact is not complete, the colour- 
less protoplasm comes into view. More or less in the middle of 
the cell lies the nucleus, with its nucleolus, which, however, is 
not usually visible without the help of reagents. The cells have 
a thin wall, which stains violet with chlorzinc iodine. Numerous 
cells are usually in course of bipartition by means of a partition 
Wall, which cuts the globular cell in halves (Fig. 78, D). The 
divisions of adjoining cells take place in planes either parallel or 
cutting one another at right angles. The daughter-cells, becoming 
rounded off, soon go out of union with one another {G, F) ; they 



Fig. 78. — P%'otocoecta viit'dis, after treatment with 
potassimn-iodide-iodine. la D, the oells ou the left have 
justdivided (X640). 
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remain, however, for some time clinging to one another, or else 
become completely separated. If the cells are treated with 
patassinm-iodide-iodine, the nuclei show up clearly (our figures 
were sketched from iodine preparations). In each nucleus the 
nucleolus is clearly visible. In the cells which have just arisen 
by diviflion, the nuclei lie against the young partition wall (D). 
The iodine solution shows small starch-grains iji the chromato- 
phores, but no amylum-bodies. 

Very simply constructed organisms are met with in the colour- 
less fungal cells hitherto collected together under the name of 
Saccharomycetes. We provide ourselves with some yeast, the 
ferment used in brewing beer, and examine a trace of it, diffused 
in water, under a high power. We find the field of view filled 
with small cells, individuals of the so-called yeast fungus. Sac- 
charomyces eerevisicB,^ The cells appear globular or ellipsoid; 
they have a delicate membrane, and in the interior can be recog- 
nised a large or several small Yacuoles, and some strongly refrac- 
tive granules (Fig. 79, 1). A nucleus cannot be distinguished; 
such is, however, present, and can, though not 
at all easily, be recognised.^ For this purpose 
it is necessary to fix the object with picric acid, 
in the way given for Cladophora^ and then to 
stain with Hsematin-ammonia. We then find in ' 
each cell near the centre a small, round, darker- mycM Mr^oMte. i,not 
stained nucleus. — The living object, which we b^ddiag ; a and 3, 
, , , .' X, n budding oallB(x 610). 

have under observation, shows us numerous cells 

in course of multiplication. This takes place here in a quite cha- 
racteristic and peculiar fashion, by the cells forming one, seldom 
several, small, knob-like swellings, which gradually attain the 
size and form of the mother-cell, and then can be separated from 
it (2, 3). In very energetic development we find the daughter- 
cells united into small occasionally branched chains; in slower 
development, separation of the cells takes place before any new one 
begins to form. This is multiplication by budding, peculiar to 
the Sacoharomycetesw — ^In . sugar-containing fluids it induces alco- 
holic fermentation. Recently,^ the individuality of the Saccharo-. 
noiycetes has been questioned, and they have been declared to be 
conidia (spores of a kind) of different fungi, conidia which have 
the power, in a suitable nutrient fluid, of multiplying by budding 
in endless sequence. 

We will now turn our attention to one of the Nostocacesd, of 
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interest to us on acconnt of its symbiotic * relations witli anotlier 
plant. This last plant, widely cultivated in botanical gardens, 
is Azolla ca/roUniana. As the Azolla winters in plant-houses, we 
are therefore in a position to obtain material at any time for the 
investigation of the Nostocaceaa. The Nostocaceaa are, in general, 
specially disposed towards symbiosis, and we find them in very 
various plants, especially, however, as constituents of the body of 
lichens. — The Anahcena AzoUce, living in the Azolla, is found in 
definite parts of the plant in question. The leaves of Azolla 
are each two-lobed. The upper lobe is fieshy, and floats on the 
water; the under is membranous, and im- 
mersed. The upper lobe shows in the interior 
a broad hollow, into which a narrow opening, 
found on the inner surface of the leaf, leads. 
This cavity is filled with Anahcena, and from 
the walls of the hollow also grow branched 
hairs between the coils of this Anahcena. In 
order now to obtain the Anahcena for our ex- 
amination, we pull the upper lobes of some 
leaves to pieces with the needles, lay on a 
cover-glass, press upon this a little, and are 
now pretty sure to find the Anahcena strings. 
This much is certain, that no specimen of 
Azolla is devoid of them. We examine the 
strings with our highest possible power (Fig. 
80). These consist of a row of barrel-shaped 
cells, which from time to time are interrupted 
by a larger, ellipsoid or globular cell, the 
limiting cell, or heterocyst. The threads are serpentine, coiled here 
and there, without any visible gelatine coat. The entire content 
of the vegetative cells is coloured verdigris-green, of the limiting 
cells is olive green ; small, darker-looking granules are distinguish- 
able in these contents ; nucleus is wanting. Individual cells are 
usually found in division (Fig. 80, aio d). If a twig of Azolla is 
taken between the fingers, and surface-sectibns taken from it, not 
infrequently the Anahcena can be seen under the microscope in 
its natural position inside a leaf-cavity. It must, however, have 
happened by chance, that a leaf-cavity has been cut in the proper 



Fio. 80. — Anahana 
AzoXUb, a to d, BnccesBive 
stages in the division of 
vegetative cells; h, a 
limiting cell, or hetero- 
cyst (x 640). 


* Symbiotic, from the substantive symbiosisj implying the co-existence in 
more or less mutoal interdependence, of two different organisms. V^oJ] 
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direction. This however frequently occurs ; then we see also the 
segmented hairs which permeate the Anahcsna. 

Quite similar is the structure of the threads in the olive-green 
lobed gelatinous masses, sometimes found in great masses on 
paths, and which belong to Nostoc dnijlonumif Tournefort (commune, 
Vauch).7 

In examining any terrestrial form of Vaucheria, particularly that 
collected from flower-pots, we meet with Oscillaria, likewise be- 
longing to the Schizophyta (splitting plants), in closest affinity to 
the NostocacesB. They are found, moreover, almost everywhere in 
standing water, on muddy ground, and under similar conditions. 
Their presence is often betrayed by an unpleasant muddy smell. 
Cultivated in vessels, they creep in part to the walls of this, over 
the surface of the water. 

A 


They are nearly straight, 
or even coiled threads, 
coloured from blue-green, 
verdigris - green, olive- 
green to brovm ; can, 
however, be colourless, 
and in many forms dis- 
tinguished by active mo- 
tility. The threads are 
free, or enclosed in a 
gelatinous sheath. They 
can be inserted indivi- 
dually, or in numbers, 
in such a sheath. The 
sheaths arise from the 
outer layers of the mem- 
brane of the threads ; where these layers become fluid, the 
sheaths are wanting. The threads are divided by cross partition 
walls into a multitude of similar short cells. The partition walls 
in some species can be seen very easily, in others with great 
difficulty. With the exception of this difference, there is great 
nniformity in the structure of these organisms. The cell-contents 
are, in general, coloured throughout the entire mass ; no nucleus 
can be recognised in the interior, but numerous small granules. 
The granules ara either distributed through the entire cell -con- 
tents, or are specially collected at the partition walls.' It matters 
not what species is chosen for examination, but preference should 



Fig. 81.— il, OsctHaria prntctfpt ; B, OnciXUiria Fro9- 
Xichii; a, ends of the threads ; h, piece from the middle 
of the thread ; in B, b, the granules collected against 
the partition walls; in ^, c is a dead cell between two 
living ones. 
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be given to the tkicker forms, with clearer partition walls, as 
represented in Fig. 81. 

The phenoniena of movement, as we must have noticed from 
the very beginning of onr observation of the OscillarisB, are very' 
interesting. Especially in the thicker forms, with somewhat bent 
end and distinct granules, and with a sufficiently strong power, 
we shall be able accurately to study the phenomenon. We then 
determine that with the movement of the thread is combined a 
slow rotation on its axis. Simultaneously the thread shows 
irregular flexions, or nutations, which are the expression of ex- 
isting differences in the intensity of growth on its different sides. 
These flexions usually take place slowly ; can, however, induce 
violent movements when the flexion is stopped by some obstacle, 
and then by overcoming this, the tension is suddenly equalized. 
The Oscillaria-threads move now forwards, now backwards. The 

movements can only take place when 
the threads have a point of support 
on some other object. The straight 
threads move like those which are 
bent ; in these latter the phenomenon 
is, however, especially striking, and 
7SS\Yifis^M • '^^r^'V^^^^ ^* ^^®® visible, while in the straight 
VwJl^y^ ^^^^^^'^ ^* ^® necessary to fix the 

attention upon the individual gran- 
T T f •-^^*^'^«P"» poiyd^^l^^: nies of the surfa<5e, in order to de- 

In -4, at the commencement of divi- •**^" *^* «"« ot*xxwx.«, *** v>xv«^x «v **v» 

Bion ; in B, to the left, shortly alter monstrate a rotation of the thread 

division (x 640). ., . rni. • • £ ax. 

on .its axis. The origin of the 
movement is not yet known with certainty; it has recently 
been maintained that it is occasioned by protoplasmic processes 
[whether pseudopodia or cilia], which pass through the membrane 
to the exterior.® 

To the same class of organisms as the Nostocacese and the 
OscillarieB, belong the still simpler-constructed Chroococcaceas^ 
which we will study upon one of the widely-distributed species 
of Oleocapsa. We choose 0, polydermatica* (Fig. 82), growing 
upon damp walls or rocks, recognisable from their dirty green 
to olive colour, and their firm, clearly and repeatedly layered, 
gelatinous envelopes. Other species, with less beautifully laminate 

* More readily obtainable, and very like, is G. caldariorum, a species grow- 
ing oommonly on the walls, flower-pots, and glass, etc., in conservatories and 
greenhouses. £E]>.] 
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gelatinous envelope, will serve the same end. In all of them Ve 
find in the gelatinous envelope nniformly coloured cells, more or ^ 
less clearly granular, and devoid of nucleus. By these peculiari- 
ties of their cell-body the Chroococcacere are distinguished from 
Protococcacesd^and especially PalmellacesB, which in many forms 
very strongly resemble them, but which have a nucleus, and chro- 
matophores, separated from the rest of the protoplasmic body. 

In Gleocapsa polydermatica the cell-bodies arisen from just 
previous division are quite globular (Fig. 82, (7). They then 
begin to grow in length, and become ellipsoidal. They then show 
a weak hour-glass-like constriction (A) in mid-length, after 
which a delicate partition wall becomes visible at this place. The 
daughter-cells now round off towards one another, and, by swell- 
ing of the separating wall, and the thickening layers afterwards 
developed, become thrust back, from one another. Owing to the 
ever-new development of gelatinous layers in the interior, the 
older ones become stretched, finally ruptured and cast off ^ [often 
parts of such layers are found, while the rest have disappeared]. 
A considerable number of generations is therefore oombine4 by 
the gelatinous envelopes into a single cell-family [or colony, 
whence often called colonial algse]. By rupture of the outer 
envelopes the families fall apart. An isolated cell is rarely 
found, and then is usually surrounded by a considerable numbei* 
of gelatinous envelopes (Fig. 82, A), In such cases the cell- 
division is discontinued, not the thickening of the wall. 

We have therefore found that in Nostocaceea, OscillarieB, and 
ChroococcacesB, the cell-contents differ from those of the plants 
hitherto considered by us : while in these latter we find the sepa- 
ration of the protoplasm into cell-plasma, nucleus, and chroma- 
tophores, we find here all these elements of the cell-body still 
united into a single substance. ^® Distinguished by their coloration 
from the pure green of other plants, these plants have been 
collected together under the name of PhycochromacesB, or Cyano- 
phyce8B. The simplicity of organization of these organisms is 
beti*ayed also by the absence of sexual multiplication. One kind 
of asexual multiplication is, however (often by the side of other 
kinds of asexual multiplication), quite peculiar to them', viz., that 
by vegetative bipartition ; and therefore these organisms have 
been called segmenting or splitting alg», or SchizophyceoB.^^ 
Recent researches'^ suggest that the thread-like SchizophycesB 
are capable of separating into globular cells surrounded by 
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gelatinous layers ; i.e., of entering into a chroococc^eons condition, 
like to Oleocapsa, An analogous phenomenon, fonnd amongst the 
green Alg» in the case of Protococcace», gave rise to the question 
whether Protococcus viridis was an independent organism. This 
question, therefore, repeats itself with the ChroococcaceaB, which 
are perhaps merely developmental stages of the thread-like 
Schizophyta. 
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CHAPTER XXL 
SOHIZOMYOBTBS* (BACTERIA). USB OP IMMERSION OBJECTIVES. 

Matbeial Wanted. 

Some green leaves, e.g. those of the lettuce. Fresh* 
A carrot, turnip, or potato. 
Some peas, dry or green.r 
Vaccine lymph, best in capillary glass tube. 
Hay. 

Beggiatoa Ma, p. 232, can usually be obtained freely upon pieces of 
. indiarubber tubing kept in water. [Ed.] 

(Other materials may be available in addition to these.) 

Let us now turn our attention to some examples from the group 
of the smallest known organisms, the Bacteria,^ in order to obtain 
some information as to the general form which they assume. We 
shaU not endeavour, in the first place, to study any particular 
species ; we will rather leave it to the accident of what form hap- 
pens to be at our disposal. We boil some green leaves, say lettuce 
leaves, in a Florence flask, and leave it standing open at a com- 
paratively high temperature. Into another flask we place somd 
peas — killed by steeping in boiling water — ^with a little water: 
At the same time we distribute disks of boiled carrot, turnip, aiid 
potato, on watch-glasses or object-slides, and place them about in 
warm, moderately moist places ; some free, others covered A^ith 
glass bell-jars. Upon the decoction [or infusion] of leaves after 
two days a skin may have been formed, which we will call the 
pellicle. On the different vegetable disks we see small whitish, 
rarely coloured, masses of gelatinous substance appear. If we 
bring a trace of such a mass of jelly into a drop of water on an 
object- slide, and examine it with the strongest possible magnifica- 
tion, we find an enormous number of exceedingly minute bodies, 
spearing almost dot- like, imbedded in the jelly. These bodies 
show a necklace-like arrangement; we find them singly, or in 
pairs, or united in large number into a thread. Embedded in the 

* Segmenting, splitting, or fissing fungi. As a oonyenient term, not imply 
ing any individual kind, I shall use the word b<icteriad. [En.] 
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jelly, tlierefore, we have the Coccus-form of a bacteriad. If we 
wish to define the outer limits of the jelly, which, in its refractive 
relations, differs only little from water, we can readily accomplish 
it with the aid of Indian ink.^ The ink mnst be of good quality, 
and should be ground down very carefully in water. A drop of 
this ink can then be placed upon the object-slide, the gelatinous 
mass which is to be investigated placed upon a cover glass, and 
the cover-glass then laid upon the drop. In this way the particles 
of ink are prevented from passing between the jelly and the cover- 
glass. The limits of the jelly are now sharply defined, on account 
of the surrounding fluid being filled with fine particles of ink, 
which exert no injurious influence on the object. Such masses of 
bacteria embedded in jelly are distinguished as ZOOglCBa [or the 
zoogloea stage of the bacteriad]. The jelly arises from the swollen 
membranes of the bacteria. In the bacteria of putrefaction these 
membranes are composed of a peculiar albuminous substance, 
mycoprotelCn ; with bacteria not provoking putrefaction they con- 
sist of cellulose. We make use of the property of bacteria of 
eagerly taking up certain aniline and azotic colours, in order to 
stain them. For this purpose we only need to add a little methyl 
violet, gentiana violet, methyl blue, fuchsin, Bismark brown, or 
Vesuvin, to the preparation. HsBmatoxylin (logwood) at the 
same time colours the jelly ; and we therefore use this in order 
to make the jelly distinct. We will confine ourselves at first to 
gentiana violet, which stains bacteric^ with extraordinary rapidity 
and intensity. We then see the bacteria very clearly, and can form 
an opinion as to their mode of multiplication, wliich takes place 
by successive bipartition [or fission]. This mxdtiplication, in con- 
tracbstinction to the " budding " of the yeast fungi, has given to 
the bacteria the name of "splitting or fissing fungi," or Schizo- 
mycetes. — ^It is quite possible that the jelly taken under our 
observation does not contain round " Cocci," but rodlets (compare 
Fig. 85 4» on p. 237). The rodlets can be identified as composed 
of shorter segments, which stand out very clearly if we add iodine- 
solution to the preparation. The segments now appear much 
shorter than they appeared in the fresh state ; partition walls are 
now shown which formerly were invisible. 

Some bacteria are distinguished by the fact that in the stages 
preceding spore-formation they form a starch-like substance in 
their body, and then, on the addition of iodine -solution, colour blue 
or violet. 
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In the pellicle wliich has formed upon the leaf-infusion (cf. 
Fig. 85, A, page 237) we have also a form of zoogloea, in which 
the cell-rows are held together by a jelly into a superficially de- 
veloped skin. This is seen to be traversed by fine, undulating 
partly parallel threads, formed of cocci or, more commonly, of rod- 
lets. The segmentation of the rodlets is again made specially 
clear by the addition of iodine-solution. In such material obtained 
by cultivation, the swarming stages of development will often be 
found. We are almost certain to find such in the water in which 
the peas have been soaking for one or two days. We then see the 
bacteria in dancing movement, now forwards now backwards, 
hunying about in dilEerent directions. Exceedingly fine dlia 
have been repeatedly demonstokted as the cause of this movement 
{Fig. 85, B) ; in other cases these have not been found. 

If we examine the pellicle of a leaf-infusion which has already 
stood for some time, we shall find the rods or threads ultimately 
in course of formation of spores (Fig. 85, (7). The contents of the 
rods have aggregated at one or several points, and produced 
rounded or elliptic highly-refractive structures, which appear as 
darker bodies, and are reating-spores. These persist, while the 
emptied membrane of the rodlets is finally disintegrated. In 
material from other cultures we shall quite as commonly find rod- 
lets which have formed but one resting-spore, at one end, and have 
thus tak^n the form of a pin or tadpole. Such forms, for example, 
are very frequent in the very widely-spread bacteria of butyric 
fermentartaon (Glostridium hutyricum}. 

As the Bacteria are the smallest of known oi^anisms, for a more 
complete study of them the most powerful and best objectives, and 
the most favourable'possible illumination, are alike necessary. As 
objectives, those for homogeneous immersion are especially to be re- 
commended; while the most advantageous conditions of illumination 
can be attained by the aid of an achromatic condenser, or ap- 
paratus such as Abbe's '' Beleuchtungs-Apparat." In most cases, 
however, water^mmersion objectives will suffice. Objectives for 
water-immersion, as well as those for homogeneous immersion, can 
be used with any of the microscopes we have heretofore specified ; 
but a condensor, or other similar apparatus, can only be added to 
a microscope specially arranged for its use. They require, as was 
indicated in the Introduction, one of the larger microscope stands. 

If a water-immersion lens is employed^ cover-glasses of a definite 
thickness, indicated by the optician (compare Introduction), must 
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be used. If the objective is proYided with a " correcting screw,"^ 
the objective is regulated for any thickness of the cover-glass, so 
far as this lies within the possible range, by turning the correcting 
screw placed in the upper part of the objective. Every objective 
provided by an optician has usually a definite value to its screw 
for each hundredth of a millimetre thickness of the cover-glass. 
In order to use the objective, a small drop of distilled water is 
placed on its front lens. Care must be taken that this drop of 
water is not allowed to dry ; between the cover-glass and objec- 
tive, however, it is so protected against evaporation that it will 
usually last for several hours. In moving the object-slide, care 
must also be taken that the drop of immersion-fluid does not go to 
the edge of the cover-glass, and so mix with the fluid in which the 
object is immersed. If this should happen, the objective should 
be at once cleaned, and the fluid on the cover-glass removed. In 
case an object, already covered with a cover-glass, is examined 
with the water-immersion objective, and the thickness of the 
cover-glass is not known, the correction, if necessary, must be 
arranged during the observation. While observing, we turn the 
ring towards the one and the other side, and compare the effects 
produced. As the correcting screw in almost all objectives is so 
arranged that the front lens remains immovable, and only the 
upper lenses of the objective are moved, the object remains, during 
the correction, approximately f ocussed. The correction is complete 
when the figure appears sharpest. 

Objectives for "homogeneous" immersion have no correcting 
screw, and the thickness of the cover-glass, within the permissible 
limits, matters nothing. For these a drop of the immersion fluid 
provided by the optician (oil of cedar- wood, or a mixture of oil of 
fennel dnd castor oil, or zinc-iodide glycerine) is placed upon the 
front lens of the objective. We take the smallest possible quan- 
tity of the immersion fluid ; as this does not evaporate, it need not 
be replenished during the observation. As with the water-immer- 
sion, we must take care that in moving the object-slide the immersion 
fluid does not run to the edge of the cover-glass. For cleansing 
the objective after use, a very clean and often- washed piece of 
linen is best. In order to clean the cover-glass, we use a piece of 
linen moistened with chloroform. As objectives for homogeneous 
immersion bear a change of eye-pieces very well, we can procure 
a complete series of these. 

In case the observer has a larger microscope stand, to which [as 


LAAQCK AtlOROSCOPt STiND- 



225 


Fig. 83.— Stand Va of ZeiBB, } actual size, with Abbe's ** BeleuohtUDgs-apparac." c, Cofn- 
deiisor] d, Diaphragm-bearer ; t. Screw to this; «, Double mirror. 
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e.g, in that illustrated in Fig. 83*, a "condenser" can be, o^], as 
in Fig. 83, an Abbe's " Beleuclitiings-Apparat," is fitted, this acces- 
sory apparatus can now be brought into use. In order to fix 
Abbe's apparatus, the body of the microscope must be sloped (even 
more than in Fig. 83), remove the ordinary mirror, and slip the 
apparatus in its place in the same groove. The apparatus is con- 
structed in one piece, and consists of condenser (c), diaphragm- 
bearer (d), and double mirror («). The apparatus is pushed so far 
up that the upper surface of the condenser lies only a little below 
the upper surface of the stage (as is shown in the figure). The ap- 
paratus is then fixed in the groove with a screw found just above 
the mirror. Of the two mirrors the plane one is, as a rule, used 
with the apparatus. The concave mirror should be used only with 
very weak objectives, if the plane mirror does not illuminate the 
whole field of view quite equally. With the exception of a special 
case of bacteria investigation, which we shall speak of directly, 
we ought not to use Abbe's apparatus without a diaphragm. The 
narrowest diaphragm which gives suflScient brightness, is in all 
cases the best. In order to bring into use the diaphragm disks 
provided with the instrument, we turn the diaphragm-carrier (d), 
which is found under the condenser, away to the right hand from 
under the stage, introduce a * diaphragm-disk, and then return it 
into its place. The screw (t) en the diaphragm-carrier serves 
to remove the diaphragms out of the central position, and then, 
as the diaphragm-carrier also turns in its sheath, we can rotate 
them about the axis of the microscope. We can thus obtain 
oblique illumination; to which, however, we shall seldom have 
recourse. 

Abbe's " Beleuchtungs-Apparat " is so convenient in use, -and 
offers such great advantages, especially for difficult investigations, 
that it cannot be too highly recommended. If we are in posses- 
sion of a suitable stand with such an apparatus, it should be used 
for all investigations. " Abbe's apparatus can be used also with 
advantage with weak objectives, and, by changing and moving the 
diaphragms, permits all gradations and modifications of the illu- 
mination. [The apparatus as above is constructed by Zeiss.] 

[This microscope of Zeiss (Fig. 83), is not, however, much in use 
outside Germany ; nor is Abbe's apparatus suited, on its present 
lines of construction, for use with English microscopes. — As the 
English student will probably purchase a microscope of home 
manufacture it is desirable to state here that the larger, and 
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typically English, stands are not to be recommended for student 
use. Their length of body makes it exceedingly diflBlcult to use 
them upright without a special table ; and the upright position is, 
all round, the more convenient for student work. Nor are me- 
chanical appliances for moving the object-slide about on the stage 
of utility commensurate with their cost, and the want of inde- 
pendence which they induce. Most of the English makers manu- 
facture microscopes with tubes of about the Continental length, 
but of better workmanship than the ordinary Student stands, 
and suited for the addition of accessory illuminating and other 
appliances. Without desiring to assert or imply its absolute 
superiority, where at least three or four excellent instruments 
exist, the " Student*s Stand " of Ross (monocular) may be looked 
upon as typical of instruments of this class, in which workmanship 
of the highest excellence is combined with simplicity and moderate 
price. It is illustrated in the accompanying Fig. 83*. The model 
shows peculiar lightness and stability. The body is swung between 
two pillars, so that it can be removed from the vertical to any 
extent in the backward direction, and can even be thrown a little 
beyond the vertical in the forward direction. It has coarse rack- 
work adjustment of considerable delicacy, and a fine adjustment. 
The eyepieces are of Continental size. The stage rotates upon a 
centre in the optic axis of the instrument. The mirror slides up 
and down in a groove upon a "swinging tail-piece " (Zentmayer's) 
which replaces the jointed arm of most mirrors, and enables rays 
of any degree of obliquity to be thrown upon the object ; and the 
mirror can even be swung round above the stage so as to illu- 
minate an opaque object from above. The same tail-piece carries 
a cylindrical bearer (seen in the figure between mirror and stage), 
likewise sliding up and down in the same groove with the mirror, 
in which can be placed a condensor or other accessory apparatus. 
If the student should not wish to purchase a special condensor, a 
small adaptor can be obtained, by means of which his one-inch, or 
other low-power, objective can be screwed into the carrier, front 
lens uppermost, and then, after sliding in the groove till its proper 
focal distance from the object, as ascertained by experiment, is 
attained, this objective will serve as a thoroughly good condensor. 
As the condensor is never required excepting with high powers, 
the low-power objective will always be at liberty for this purpose. 
In place of the diaphragm wheel, as usually supplied, an " Iris- 
diaphragm," which, by simple movement of a lever arm, gives a 
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Fio. 83*.— Student's monocular stand of Boss, with concentric rotating glass stage, one 
eye-piece, etc., as in above figure, but no objective. Price, £8 18s. 6d. About f actual sice 
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nearly circnlar aperture of anj chosen size, can be added at an 
extra cost of about £1.] 

In order to be able to work with the microscope in dull weather, 
or in the evening in general, it is an advantage to have a lamp 
with a wide burner, and to shade between this and the mirror of 
the microscope by means of a plain glass water-bottle, or the 
largest size possible of Florence-flask, filled with a very dilute 
solution of ammonio-cupric oxide. Microscoping in the evening 
exhausts the eyes very little, provided care be taken that the 
surroundings are illuminated just as brightly as the field of view 
of the microscope. 

Small incandescent electric lamps have been recently recom- 
mended as sources of light; a current. from about three Bunsen 
elements, each about eight inches high, sufl&ces. It is best and ' 
simplest to place the incandescent lamp in front of the micro- 
scope, and between this and the mirror of the instrument to place 
a globe (as above) filled with very dilute ammonio-cupric oxide. 
The comparative richness of the incandescent light in rays of short 
wave length, although far less marked than that of the arc light, 
makes it very suitable for the study of delicate structural relations. 

As already noted, methyl- violet, gentiana- violet, methyl-blue, 
fuchsin, Bismark- brown, and Vesuvin, are especially serviceable 
for staining bacteriads. These stains are best used in watery 
solution, which must be either fresh, or at least freshly filtered. 
For this purpose we keep a saturated alcoholic solution of these 
colours ready, and add one of them drop by drop to a large 
quantity of distilled water. Bismark-brown and Vesuvin, how- 
ever, as they are altered in alcohol, must be kept in watery solu- 
tion, and this must be filtered before each use. The bacteria found 
in a fluid medium should be spread in the thinnest possible layer 
on the cover-glass, and allowed to dry at the temperature of the 
room. If the fluid contains albuminous bodies, or mucilage, these 
mus.t, after the preparation is completely dried, be fixed either by 
laying the cover-glass for several days in absolute alcohol, or, still 
simpler, by a higher temperature. For this purpose we pass the 
cover-glass pretty quickly several times through the gas or spirit 
flame, during which the surface covered by the bacteria should be 
turned upwards. We stain it by spreading over the cover-glass, 
prepared in this or any way, but which in all cases must be dry, a 
drop of colouring fluid, and allow it to act for from five to ten 
minutes. Or we stain it in a saucer, which contains a larger 
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quantity of the colouring fluid, on which the cover-glass is allowed 
to float for from ten to thirty minutes. Warming the fluid from 
30° to 60° C. (86° to 140° F.), hastens the operation. After com- 
plete staining, the cover-glass is washed in distilled water, dried 
at the temperature of the room, a drop of oil of turpentine, xylol, 
or cedar oil placed upon it, and the examination carried on in this. 
If the preparation is to be preserved, remove the oil with blotting 
paper and imbed in dammar or in Canada balsam, which, however, 
must be dissolved in turpentine and not in chloroform. Care 
should be taken, iq case the preparation should be later on ex- 
amined with a homogeneous immersion objective, that the dammar 
or Canada balsam does not come out from the edge of the cover- 
glass, since both of these are soluble in the immersion oil, and the 
whole cover-glass would thus be soiled. This inconvenience can 
also be obviated by making at the edge of the cover-glass, after 
the dammar or Canada balsam has become dry, a border of black 
varnish, or of gold-size. To do this, a small camel-hair brush is 
used, and care is taken that the varnish does not run over the 
cover-glass more than is necessary. 

A concentrated solution of pure dry iodide of zinc in pure 
glycerme can also be used as a fluid for immersion objectives. 
This, after filtering, if necessary, is evaporated in a water-bath to 
the refractive index 1'518 (for line D of spectrum). This fluid 
does not attack balsam in settings of the cover-glasses, and has 
the further advantage that it can easily be washed off from the 
cover-glass with water.* Preparations stained with Bismark- 
brown or with Vesuvin retain their colour also in glycerine, and 
can therefore be preserved in it. The closure of the edges of the 
cover-glass can be effected with Canada-balsam in chloroform. 
After some days or weeks, just as is convenient, the Canada balsam 
can be covered with a layer of gold-size or of varnish, not in order 
to prevent the immersion-oil from attacking the closing cement, 
but because it is recommended especially as very durable. [Canada 
balsam in chloroform is apt, when dry, to spring. Hence the 
advantage of turpentine, since the fat is left behind in drying, and 
the balsam never becomes brittle. There is a concurrent dis- 
advantage, however, that the slides must not be pressed one no 
another for any length of time, or they may stick together. Nor 
must the proportion of fat in the balsam be allowed, by adding 
repeatedly more turpentine to dilute it in its bottle, to become 
considerable. Covering with gold-size is advisable.] 
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If one of the larger forms of bacteria is under examination, we 
may also, witli the aid of our strongest objective and the most 
snccessfnl staining, leam something abont the content of the 
cells. This appears to be a homogeneous plasma, in which can be 
embedded finer or coarser granules, which probably consist of fat. 
Nuclei cannot be identified even in the largest forms. Only in 
rare cases are the bodies of the bacteria coloured while in living 
condition. 

We will how make use of the experience we have accumulated in 
order to study an exceedingly small Coccus species, namely Micro- 
coccus VacdncB (Cohn), the globular bacteria of vaccine lymph.^ 
If we place some fresh vaccine lymph upon a cover-glass, allow it 
to dry, and then stain it with gentiana violet, it will be possible 
for us to make out the small, round, darkly stained cocci, singly 
or joined in pairs; though even with strong magnification they are 
only dot-like. Fresh lymph under a cover-glass, and protected 
from drying, kept for some hours at a high room-temperature, 
or, better still, at 36° C. (about 96® F.), in a warm chamber, shows 
sooner or later bead-like threads, or after a longer time, complete 
masses of coed. Such masses can be seen at once in a lymph 
which has been preserved in the capillary glass tubes, in which 
these masses can be seen even with the naked eye as small flecks. 
It is these coed which, by inoculation [vaccination], are introduced 
into the human body, then multiply, produce the so-called cow- 
pox, and, for unknown reasons, give the body immunity against 
small-pox. 

If we have at command water in which 
algaa, especially Spirogyra and Vaucheria, are 
decaying, and examine a little of this fluid, 
we shall find in it, almost to a certainty, 
motile, exceedingly fine spiral threads (Fig. 
84). These flexible, corkscrew-like threads 
move rapidly in the water. They turn on 
their axis, and at the same time bend to and 
fro. Individuals suddenly stand still, then Tig. M.spirociiate piu 
hasten on again. The spirals found under ^^'^^^^t 
Huch circumstances in all probability belong sogmentation into rootlets 
to Spirochcete plicatilis, the Spirochcete of 

marshes. If these spirals are allowed to dry, and stained, we 
shall see that they are not unicellular, but consist of successive 
segments, which may vary in length according to circumstances. 
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On the same decomposing algae, or on pieces of other decompos- 
ing aquatic plants, or other similar substratum, we commonly see 
growing fine threads, which are Beggiatoa alba (Vauch).* These 
bacteriads are especially widely diffused in water which receives 
"the refuse from factories, and in sulphur springs. They then 
often cover the masses of mud on the bottom and sides with a 
dirty- white layer. They are amongst the largest known bacteria, 
and can be distinguished with even comparatively low magnifi- 
cation. The threads are of variable thickness (from 0001 to 
0*005 mm.), are attached or free, the free however only being 
part of those attached. A segmentation of the threads into 
shorter or longer rodlets is more or less distinct ; the cell-contents 
are usually distinguished by a greater or less number of strongly 
refractive grains. If we allow the preparation to dry, and run in 
bisulphide of carbon, the grains are dissolved; they consist of 
sulphur. In threads very rich in sulphur the segmentation is 
indistinct, and only appears after aniline staining, or after heating 
in glycerine or in sulphite of soda. By the glycerine the grains 
are partly, by the sulphite of soda completely, dissolved. By cross 
segmentation the threads can separate into coccif and it has been 
observed . that, in thicker threads^ even a quadripartition of the 
cells can result from this cross division. Moreover, " swarming '* 
cocci, rodlets, and spirals have been observed as developmental 
stages of Beggiatoa, The attached threads can, in their upper 
parts, be spirally bent. The straight as well as the spiral frag- 
ments of threads are flexible, and show creeping movements. 
These characters serve to connect Beggiatoa with the Osdllatorians. 
Beggiatoa separates out the sulphur compound from the water in 
which it dwells, and thus sets free a more or less considerable 
quantity of sulphuretted hydrogen. 

We will now turn our attention to another object, which shows 
the coccus, rodlet, and spiral, and at the same time the thread 
form, combined. For this purpose we will use the white " fur" 
of teeth. If a little is diffused in a drop of water, and examined 
with the strongest possible magnification, we shall see long, ap- 
parently unsegmented threads, rodlets of various lengths, spiral 
Spirochcete, and also minute crowded coed. It has recently been 
determined 7 that all these forms are developmental stages of the 
same segmenting fungus, Lejotothrix hiiccalis, Robin. This lives as 
a saprophyte upon the mucous membrane and in the " fur " of 
teeth ; it can, however, under certain conditions, become parasitic, 
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penetrate into the tissue of the tooth, and induce the " decay." If 
the preparation is treated with iodine solution, the long threads 
also prove to be composed of longer or shorter rodlets. The aggre- 
gated cocci are clearly differentiated into their individual elements. 
These cocci are never wanting, though it is doubtful whether they 
always belong to Leptothrix itself. 

Recent researches have, as a whole, tended to show that the 
genera and species hitherto distinguished by their outer form, as 
Micrococcus, Bacterium, BcbcHlus, Vibrio, Spirillum, Spirochcete, etc.,® 
may enter into the developmental cycle of one and the same 
species.® Hence we now employ these terms only to distinguish 
a given form of growth, and speak of : — cocci, globular or ellipsoid 
structures ; rodlets, threads, and spirals. The shorter rodlets are 
distinguished as Bacteria from the k^nger Bacillus; the simple 
threads as Leptothrix, the branched Cladothrix ; the spirals with 
comparatively wide turns and greater thickness of the threads are 
called Spirillum'; or, if they contain salphur, Ophidom^onas ; spirals 
with elongated turns. Vibrio ; very thin spirals^ with small diame- 
ter and also smaller distance of the turns, Spirochcete; riband- 
like tapering spirals, Spiromonas ; flexible spirals, whose ends coil 
back towards one another, Spirulina,^^ 

We have seen in the study of the segmenting algee that they 
also are distinguished by like variability of form in the different 
stages of development; and the comparison of the bacteriads with 
these segij^enting algsB leads, in fact, to the presumption of some 
close relationship between these organisms. In the segmenting 
alg8B also we have made the acquaintance of coed, rodlets, threads, 
and spiral forms. Moreover, we have met with the phenomena of 
movement amongst them, and even in their ability to resist high 
temperatures the segmenting algsB approach the segmenting fungi. 
The first plants which show themselves in hot springs are seg- 
menting alges, though it is true they do not resist so high tempera- 
tures as, e.g., the spores of the bacteria of hay, whose capabilities 
for germination temporary boiling seems only to heighten. More- 
over, in the structure of their cell-body, segmenting algee resemble 
segmenting fungi, since both groups are devoid of nucleus and of 
separated chromatophores. To this we may add the mode of 
vegetative multiplication, which gives to the two sections their 
respective names. For these reasons we can consider the segment- 
ing fungi to be a colourless section of the segmenting algas, or, at 
any rate, one devoid of a colour which enables carbon-assimilation, 
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and which, together with the segmenting algaa, form the class of 
segmenting plants, the Schizophyta. 

Bacillus tuberculosis, of recent times considered to be the cause 
of tubercnlosis in the sputum of consumptives,^^ is always motion- 
less, very minute, somewhat tapering at its ends, and now and 
then with four to six grains, which are considered to be spores, 
in the interior. This Bdcillus is distinguished by special relations 
towards staining reagents, which render it possible to distinguish 
it from other Bacilli, The substance to be tested is spread as flat 
as possible upon a cover-glass, and allowed to dry at the tem- 
perature of the room. The albumen present is then fixed by 
passing the slide bearing the cover-glass three or four times 
through a spirit or gas flame, the preparation side turned up- 
wards. We then saturate- a quantity of water with aniline by 
shaking up the water with an overplus of this body. We filter it 
through paper previously damped with distilled water, and add to 
100 parts (by measure) of the fluid, drop by drop, 11 parts of a 
saturated alcoholic solution of fuchsine or of methyl violet, and 
then 10 parts of absolute alcohol. This staining fluid can be pre- 
served for at least ten days in a well-closed glass, without its being 
necessary to filter each time it is used. The cover-glass is now 
allowed to float for half a day in this fluid. The staining proceeds 
more quickly if the solution is warmed till evolution of bubbles 
commences. The action need then only last ten minutes. After 
this the cover-glass is laid for, at the most, a half-minute in a 
solution of 1 part nitric acid to 3 or 4 parts distilled water, and 
then for some minutes in 60 per cent, alcohol. The entire pre- 
paration is thus coloured, with the exception of the tubercle 
bacilli, if any such are present. The preparation is then observed 
in water ; or it can be washed in water, allowed to dry, and after- 
wards mounted in Canada-balsam dissolved in turpentine. — The 
material for preparation of sections must be well hardened in 
absolute alcohol, or, if hardened in other ways, must lie a long 
time in alcohol. The sections are then stained in the same way 
as above described. They must remain in the staining fluid at 
least twelve hours. After being passed through 60 per cent, 
alcohol, they can be placed for some minutes in dilute watery 
solution of Vesuvin or methyl-blue. They are then once more 
washed in 60 per cent, alcohol, passed from thence into absolute 
alcohol, in order that, when completely deprived of water, they 
may be placed in oil of cedar (which does not extract the aniline 
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coloars from the preparation), In whicli they can be examined. In 
order to preserve them, the preparations are momited in Canada- 
balsam dissolved in turpentine.^^ Tubercle bacilli are beautifnlly 
visible with magnification of 300 diameters. — These bacilli are 
likewise stained with great intensity by fuchsin prepared in the 
following manner : — In 100 gram of a 5 per cent, watery solution 
of carbolic acid is dissolved 1 gram fuchsin, and then 10 grams 
alcohol added. Filter. The solution keeps well. It is advisable 
to warm the fluid in using it.^** — For bacteria found in fluids 
double-staining has felso been employed. According to one of 
these methods,^^ the fluid diffused on the cover-glass is dried, and 
fixed with osmic acid vapour, or with a 0*5 per cent, solution of 
chromic acid. It is then washed with distilled water, and stained, 
usually for from half an hour to an hour, with 0*001 per cent, 
aniline green. It is again washed for from twenty-four to forty 
minutes with distilled, weakly acidulated, water, in order to de- 
colorize the elements of the tissue. After once more washing in 
distilled water, the preparation is placed' for some minutes in a 
weak solution of picro-carmine. After being once more washed, 
the preparation is dehydrated by absolute alcohol, or simply by 
drying, and finally, if necessary, is cleared with oil of cloves and 
put up in Canada-balsam. 

In order to study bacteriads in the interior of the tissues, it ^s 
best to harden the tissues by placing them for at least from on^ 
to two days in absolute, or at least 90° to 96° alcohol. For 
staining the bacteriads the colours already known to us come into 
use. In preparations stained with gentiana- violet or with methyl- 
violet, the tissues are completely decolorized with strong alcohol 
in which is a trace of potash, while the bacteriads retain the 
colour. A like effect can be attained by laying the preparation 
for at most a half-minute in picric acid, whereby the tissue takes 
at once a yellow coloration. After decolorizing the tissue in 
alcohol this can be again stained with iodine-green, methyl-green, 
eosin, magdala, acid-fuchsine, and other stains, which are not 
taken up by the bacteriads.^* Good double-staining is also attained 
by gentiana- violet and picro-carmine.^^. The best means for stain- 
ing bacteriads in the interior of the tissues is, however, usually a 
solution of gentiana-violet in aniline water, and a solution of 
potassium-iodide iodine.^* The aniline water is prepared in the 
way given upon page 234, and dry gentiana-violet is dissolved in 
it to saturation, or 5 parts of a saturated alcoholic solution of 
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gentiana-violet axe added to 100 parts of this water. This is 
filtered before each time of use. The solntion can be kept for 
months. The sections are transferred from absolute alcohol, for 
some minutes, into the staining fluid, then for from otie to three 
minutes into dilute potassium-iodide iodine solution (1 part iodine, 
2 parts potassium-iodide, and 300 parts distilled water), then into 
absolute alcohol. In this the sections must be decolorized. They 
are then cleared in oil of cloves, and embedded in Canada-balsam 
dissolved in xylol. The tissue now appears decolorized, the bac- 
teriads stained dark blue. The hadlli of typhus, also the cocci 
in many cases of pneumonia, are decolorized by this process, and 
are distinguished thus from most other bacilli. Treatment for a 
very short time with a weak solution of Vesuvin before placing in 
oil of cloves gives beautiful double coloration, in that the tissue 
now appears stained brown. Instructive ooloration is also obtained 
with safranin upon sections which were hardened in alcohol or in 
chromic acid.^^ Equal parts of a concentrated watery and a con- 
centrated alcoholic solution of safranin are mixed together, and 
the sections allowed to lie in this for half an hour, then washed a 
little in water, and for some minutes in absolute alcohol, trans- 
ferred to oil of turpentine, and put up in Canada-balsam. 

In order to find bacteriads in tissues, after they have been com- 
pletely stained. Abbe's apparatus [or other condenser] can be 
used with great advantage, and in a special fashion,^® After 
focussing the preparation the diaphragm is completely removed, 
so that the cone of illumination filling the entire objective comes 
into use. Thereby the figures of all uncoloured parts, which are 
only distinguishable by difEerences in their refractive indices, 
more or less completely disappear, while the coloured light- 
absorbing bodies remain visible. We distinguish this method as 
" isolation of the coloured images." 

After we have thus made ourselves acquainted with the different 
developmental forms and methods of research, we will now point 
out the methods of culture, which come into use for breeding 
bacteriads ; we will breed a definite bacteriad, and follow out more- 
over its entire development. For this purpose we soak dry hay^' 
in the smallest possible quantity of spring water, and let the 
infusion stand for four hours in a warm chamber at a constant 
temperature of 36° C. ( « about 96° F.). Then pour off the extract 
without filtering, and if it is too concentrated dilute it, so as to 
be more safe, to a specific gravity of 1004. Now place the fluid 
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in a flask holding at least 500 ccm. The flask is stopped with 
cotton-wool, and the flnid then boiled very gently for an hour. 
Then let the temperature sink to, and remain at 36° C. In the 
course of a day or a day and a half, a delicate grey skin will have 
formed on the surface of the fluid; this consists of the zooglcea 
stage of Bacillus suhtilis^ the bacteriad of hay. We have made 
use of the power possessed by the spores of this bacteriad, of 
resisting boiling heat for a long time, in order to obtain a pure 
culture of them. Bacteriads in general are distinguished by their 
power of resisting high temperatures, the bacteriad of hay stands, 
however, foremost in this respect. Of the pellicle obtained as 
above we now transfer a little, with a suitable quantity of the 
fluid to an object-slide, and examine the object with the strongest 
magnification which we have at command. We find the pellicle 



Fig. 86.— Bacaiua miib¥M$. A, tbe poNide (x COO); B, *«8wanni]ig'* xodlets (x 1000); 
C, spore formation (X 800). 

formed of long, segmented, wavy threads, running parallel to one 
another. The threads remain for the most part in their position, 
because they are held together by an invisible jelly (Fig. 86 A), 
The threads consist of cylindrical rodlets of various length, in 
general however, twice or thrice as long as broad. The substance 
of the threads appears homogeneous, colourless, pretty strongly 
refractive. Even with the strongest magnification no other 
structure is recognisable. With chlorzinc iodine the rodlets are 
stained throughout, and very clearly, a brownish yellow. The 
figures are thus obtained better than with the other solutions of 
iodine. The segments of the threads appear thereby in general 
shorter than in the fresh state, because now all the limits are 
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visible. In order sharply to differentiate the rodlets, we can stain 
them, according to the methods already known to ns, with f uchsine, 
methyl- violet, gentiana- violet, or Vesnvin, and . then keep them as 
permanent preparations in Canada-balsam or in dammar. 

Picro-nigrosine can also be nsed with advantage for fixing and 
staining the preparation. 

If we focus npon a particular spot in the pellicle with a magni- 
fication of about 1000, we can observe the division (segmentation) 
of the rodlets direct.^^ It is best to draw the piece of the thread 
in question at short intervals with the camera, and compare the 
drawings, so as to show the changes which have taken place. If 
abundant food-stuff is still in the fluid, the individual rodlets 
divide every half-an-hour to an hour and a half. The higher the 
temperature of the room, the more rapid the division. The 
rodlets increase in length without becoming thinner ; when they 
have attained, however, a definite size, a dark partition-wall 
appears across their middle. This process of division explains 
the arrangement of the rodlets and threads; it explains also the 
wavy course of the threads, which grow at all points by inter- 
calary growth, and if the ends cannot become further removed, 
the thread must become laterally contorted. For this reason, the 
whole pellicle shows a wrinkling visible to the naked eye. We 
next transfer a fragment of the pellicle into a moist chamber, in 
order to examine it in a suspended drop. For this purpose we will 
use the simplest possible moist chamber, to wit a small frame of 
pasteboard. Such a frame is cut out of tolerably thick paste- 
board, its inner aperture being somewhat smaller than the size of 
the cover-glass we propose to use, while its outer diameter does 
not exceed the width of the object-slide. This frame is soaked in 
water till it is completely saturated, and then laid upon an object- 
slide.* On the middle of a cover-glass is placed a drop, spread 
flat, of the culture fluid, into which the object for investigation 
is transferred. The cover-glass is turned rapidly upside down, 
with the drop hanging below, and laid upon the pasteboard frame. 
If the observation is to be long and continuous, a drop of water is 
from time to time placed upon the frame, so that it shall not be- 
come dry. If the observation is interrupted, the preparation can 

* After and before nsing the padsteboard cultore-oell it is desirable to place 
it for a few minutes in alcohol, so as to kill any organisms which may adhere 
to it, or the culture may be vitiated. This applies equally strongly to other 
cultures. [Ed.] 
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be protected from evaporation in a large moist chamber. In order 
to again find a definite spot in the preparation, the object-slide 
mnst be bronght back again into its original position, for which 
its ontline can be drawn with a sharply pointed pencil npon the 
stage. It is still better in this and similar cases, to cnt a cross on 
the stage by means of a sharp instrument, right and left of the 
central aperture. Then, when the object-slide is in the required 
position, similar crosses can be made upon it with one of the 
sharply pointed colour pencils mentioned in the Introduction [or 
with a ^yriting diamond]. It is then easy later on to replace the 
object-slide thus marked in exactly the same position.* If the 
food materials of the drop are exhausted, the vegetative segmenta- 
tion or bipartition is arrested and the spore formation at once 
begins. After the lapse of from six to eight hours there can be 
seen in the threads, at thereabouts equal distances, ellipsoid, 
strongly refractive spores (Fig. 85 0). Elsewhere the threads 
appear empty ; only the colourless sheaths unite the spores. At 
some places in the preparation, one is certain to find spores still 
in course of formation. They appear in the form of collections 
of more refractive material situated most usually towards the 
middle of the rodlet. The aggregation becomes continually 
stronger, while the rodlet becomes emptied, and at last the for- 
mation of the spore is complete. If the culture is allowed to 
continue some hours longer, the sheaths of the rodlets will have 
become indistinct, and after the lapse of about a day the spores 
appear free, and sunk to the bottom of the drop. In contra- 
distinction to the rodlets, the spores hardly, or not at all, stain 
with gentiana violet and the other stains we have recommended, 
with the exception of the carbolized fuchsine and alcohol solu- 
tion given on page 235, which, especially when warmed, stains 
the spores very deeply. The spores germinate very easily if 
they ar.e transferred to fresh nutrient fluid ; more slowly at the 
temperature of the room, quicker at 30° C. [ = 86° F.] . It is best 
to boil them for five minutes, and cool them slowly. Then in 
about two to three hours we shall see the commencement of 
germination.^^ The spore-membrane is opened on one side, the 
minute germ begins to protrude here, and elongates gradually 

• For the purpose of keeping a particular spot under observation for several 
successive days, i.e., without removal from the stage of the microscope, one 
end of a few strands of loose wick can be inserted between the layers of the 
pasteboard, while the other end can dip i&to a vessel of distilled water. The 
water sucked up by the wick will keep the pasteboard moist. [Ed.] 
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into a rodlet. Its liinder end remains inserted in the spore-case. 
About twelve hours elapse before the rodlet divides for the first 
time. In the meantime, the preparation will show all stages of 
germination. As a rule, the germinated rodlets at once set up 
movement, they enter into the " swarming " [or " roving "] stage. 
Such a swarming rodlet still carries about at its hinder end its 
spore-case. The number of the " swarmers " becomes by succes- 
sive divisions continually greater, and they fill the entire fluid 
before the beginning of the formation of the pellicle. Then the 
swarmers collect on the surface of the fluid, come to rest there, 
and produce the pellicle. The rodlets are of unequal length, and 
consist of a varying number of segments (Fig. 86 JB). Their 
movement is serpentine. We allow the fluid contaiiiing the 
swarmers to dry upon the cover-glass, and stain them then by one 
of the methods given upon pp. 234-6.^ The swarmers have a 
cilium at each end, the identification of which is not easy.^ 

Breeding experiments with bacteriads are chiefly carried on in 
Florence or conical flasks, or in test-tubes.** Many cultures are 
c^ixried on direct upon the object-slide. Object-slides, vessels, and 
all the utensils to be used must be sterilized. This is effected by 
passing them quickly through a gas or spirit flame, or laying them 
before the beginning of the experiment in absolute alcohol, which 
quickly evaporates after removal. The particular nutrient fluids 
for the cultures are boiled 4n the vessels which are to be used, 
and which must be closed with a cotton-wool stopper. In general 
it is desirable to boil the nutrient fluids for a short time on each 
of several successive days. In this way all the bacteriads which 
have in the meantime germinated, and which then bear a high 
temperature far less than do the spores, are killed. It is assumed 
that after five days all the spores are killed. For greater certainty 
the nutrient fluid can be allowed to stand another day, before it is 
used for the inoculation ; if it remain clear, it is assumed that it 
is sterilized. That boiling for an hour does not always serve for 
killing the spores, we can see in the culture of Bdcillm suhtilis. 
The infection of the cultures arises usually, not from the air, but 
from incompletely sterilized vessels. The danger of infection 
from the air in the temporary opening of the vessels for the 
purpose of sowing ("inoculation") is far less great than that 
which arises from incompletely sterilized vessels.*" 

To obtain pure material for inoculation in cultures on a large 
scale, various methods can be followed : — 
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1. The Method of Fra-ctional GuUtire?^ This is based upon the 
experimental fact that of several kinds of bacteriads growing in 
the nutrient fluid, one ultimately gets the upper hand. If now 
from a culture which has progressed thus far a little is transferred 
into a second solution, free of fungi, and after a similar length 
of time from this into a third, and so on, there is a chance of 
ultimately obtaining a perfectly pure culture, that form always 
remaining last, which, under the given conditions, multiplies most 
quickly. 

2. The Method of Dilution.^'^ When the bacteriad which is to 
be bred preponderates in the fluid, this method gives usually 
very good results. The fluid containing the bacteriad is diluted, 
with water free of fungi, until by casual estimation only one 
bacteriad comes into a dix)p of the fluid. If the form to be bred 
distinctly preponderates, and a series of vessels containing the 
nutrient fluid are inoculated each with a drop of the fungus- 
containing solution, all the probabilities are, that in the majority 
of the vessels pure cultures will be obtained. [See note ^^'.J 
Whether a culture in a nutrient fluid is pure, can in general be 
determined even macroscopically, by the fluid being uniformly 
turbid, or showing uniform formation of skin on the surface, or 
uniform formation of clouds at the bottom, or uniform coloration, 
or uniform formation of jelly. The purity of a culture is likewise 
assumed in which strong fermentation or intense putrescence 
results.^s 

3. Gelatine GultureP This method gives the best results, and 
has led to the greatest progress in our knowledge of bacteria. In it 
the nutrient fluid is mixed with gelatine, with agar-agar,* or with 
blood serum. Most commonly used is a mixture of infusion of pep- 
tone and gelatine in which the gelatin e forms 5 per cent. . * 50 grm . 
gelatine is soaked and boiled in 500 com. water. Half a kilo, of 
chopped meat is allowed to stand cold in 500 com. water for 
24 hours, then the meat-infusion, obtained by pressing the meat, is 
boiled, filtered through fine gauze, and mixed with the gelatine ; 
add 10 grm. peptone and 1 grm. common salt, neutralize it with 
carbonate of potash, or with carbonate of soda or phosphate of 
soda, and filter through filter paper, f Pat into a test-tube 

• Agar-agar, or Bengal ipinglass, is a speoies of dried seaweed from Singapore, 
consisting of small, colourless, transparent strips ; is almost completely soluble 
in water, and forms a thick, tasteless, and odourless jelly. [Ed.] 

t One-tenth of these proportions would fully suffice. [Ed.] 
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10 to 15 com. of this nutrient gelatine, close it with a ping of cotton 
wool, and sterilize it by continnons boiling for many honrs, or 
better by boiling for half an honr on each of several successive 
days. In many cases it is recommended during the final cooling 
of the nutrient gelatine to bring the test-tube into a somewhat 
inclined position, whereby the free upper surface of the fluid is 
enlarged.. According to need, the quantity of nutrient gelatine 
can be reduced to 2' 6 per cent, or raised to 10 per cent. In similar 
manner to this meat-infusion peptone gelatine, can also be pre- 
pared hay-infusion gelatine, wheat-infusion gelatine, aqueous 
humour gelatine, meat-extract peptone gelatine, meat-infusion 
peptone gelatine, with 1 per cent, cane or grape sugar, etc. In 
case the culture should be maintained at incubation temperature, 
it is preferable to add agar-agar or blood serum to the nutrient 
fluids instead of gelatine. Such a nutrient basis remains solid at 
incubation temperature, while gelatine nutrient basis becomes 
fluid. It is prepared by adding 1 per cent, agar-agar to the 
nutrient fluid. The method of preparation of cooled blood- serum 
is more complicated. The blood of the killed animal is drawn im- 
mediately out of the wound into a pretty tall vessel provided with a 
glass stopper and previously sterilized. This vessel is filled right 
up to the brim, and placed for 24r-30 hours in a refrigerator or ice- 
bath, until a copious layer of entirely transparent amber-yellow 
coloured serum is formed over the cake of blood. By means of a 
pipette a test-tube is filled with the serum, and stopped with 

* a cotton-wool plug. The plug has been previously heated for an 
hour in a warm bath of 150° to 160° C, and so sterilized. The 
blood-serum should now be warmed in the open water-bath, on five 
successive days, for one hour each day, to a temperature of 58° 0. 

• On the last of these days the temperature should be allowed to 
rise, from half to one hour, to 65° C, by which the blood-serum 
'^sets.'' Sheep's serum sets the most quickly, calf serum the most 
slowly. The coagulated serum must be completely clear and pel- 
lucid; if it is not perfectly sterilized it becomes cloudy imme- 
diately.* It can be used by itself or be added as a "setting" 
constituent of the nutrient fluid. The solid nutrient basis can 
also be used with good results for microscope slide culture. While 
the jsterilized nutrient gelatine, agar-agar, or blood-serum respect- 
ively are still fluid, a small quantity of either can be poured on a 

* All these culture fluids are to be had, ready prepared and sterilized, from 
Dr. Hermann Bohrbeok, in Berlin, Friedrichstrasse, 100. 
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sterilized object-slide, so that the layer of it after setting is about 
2 mm. (-^ inch) thick. After the subsequent inoculation this 
object-slide is placed under a bell- jar closed with water, or in a 
case made out of plaster of Paris. A case made entirely of plaster 
of Paris, with a plaster of Paris cover, is very suitable as a moist 
chamber for the cultivation of fungi and bacteria, which do not 
need the light, because the moisture is very uniformly distributed 
in it, and no drops of water fall down from above on to the 
preparation.^ Instead of inoculating on the object-slide this can 
be done with the nutrient gelatine while still in the test-tube, 
warmed up to about 25° 0. ( = 77° F.), and so made fluid, with 
which the inoculating material is uniformly mixed, and which is 
then poured on the object-slide. If difEerent organisms are repre- 
sented in the inoculating material, they now form on the object- 
slide separate colonies, each of which usually represents for itself 
a pure culture. The purity of individual colonies can be proved 
directly under the microscope ; and in that way pure material can 
be selected from them for future inoculations. The macroscopical' 
appearance of the colonies is moreover often characteristic, and 
can lead to the recognition of forms which are otherwise difficult 
to distinguish microscopically. Thus the form of the colonies, 
their coloration, the circumstance whether the nutrient body be- 
comes fluid or not, whether the colonies themselves ultimately 
stain, serve as good indications of the nature of the bacteriads. 
The inoculation of a nutrient fluid, or of a solid nutrient body, is 
efEeoted by means of a needle which has just been heated red-hot, 
but is already quite cool, or with a platinum wire just heated. 
For this purpose the solid nutrient body on the object-slide is 
scratched [with the wire or needle after it has been dipped in the 
bacterial fluid] . If the solid nutrient body is in the interior of a 
test-tube, the needle or wire is stuck in to the depth of from J to 
f inch. The mode of development in nutrient bodies inside the 
test-tube is also characteristic, and often, like to the characteristic 
signs in cultures on the object-slide, permits macroscopic dis- 
tinctions of separate forms. 

If it is desired to follow the processes of development of a form 
directly under the microscope, it is done with the aid of small 
moist chambers. For pure cultures lasting a longer time the 
pasteboard chamber previously referred to is not sufficient. For 
such purposes a chamber made out of a glass ring is recommended.*^ 
Such a glass ring, about i inch thick (high), is broken off from a 
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glass tabe of suitable diameter. The glass ring is flattened on 
both of its ends (sides) on a whetstone, and fixed upon the object- 
slide with Canada-balsam. A round cover-glass of suitable size 
serves as a cover. The thinnest possible layer of the gelatine, 
agar-agar, or blood-serum nutrient body is placed in the middle 
of the cover-glass, and this layer is afterwards inoculated. The 
cover-glass is fixed on the glass chamber by means of oil drops run 
round its edge. A thin layer of water at the bottom of the glass 
chamber secures the necessary moisture. Such a moist chamber 
can be converted into a gas chamber when the glass ring has. two 
lateral openings into which are melted or stuck glass tubes which 
serve for the introduction and removal of gases. Another moist 
chamber, likewise to be recommended,^^ consists in an object-slide 
with a flat central round or quadrangular hollow, which is sur- 
rounded by another narrow groove (or channel) cut still more 
deeply. This groove is filled with water. The cover-glass used 
must be of sufficient size to completely cover up this external 
groove, and project all round on to the unhollowed portion of the 
object-slide. For cultures at constant and more elevated tempera- 
tures double-walled propagating chambers, with suitable warming 
appliances, will be needed.* 
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' For the statements here following compare Zopf, die Spaltpilze; and de 
Bary, Vergl, lUorph. U. Biol der Pilze, Mycetoz. und Btieterien, p. 490 ; in both 
these works the general literature is given. For the staining methods I adhere 
chiefly to Hoyer, Gazeta lekarska^ 1884. 

' According to Errera» Bull, de la Soc, Beige de Micr,, torn. X., No. 11. 

" Zeitschr, fUr wist. Mikros., Bd. I., p. 411. 

^ According to Bran, taken from Fol, in Lehrt. d. vergl. mikr. Anat., p. 87. 

» Cohn, Beitr. d. Biol., Bd. I.» pp. 16-17 ; Zopf , Z.c., p. 92. 

• Engler, Bericht der Commission zur Erf. d. deut. Meere, 1881 ; Zopf, die 
Spaltpilze, pp. 18, 75, et seq., where the other literature is quoted. 

7 Here also compare Zopf, Lc, p. 80. 

8 Compare Cohn, Beitrdge zur Biologie, Bd. I., p. 125. 

Compare the literature on this subject in Zopf, die Spaltpilze, 1883. 
^® Zopf, Z.C., p. 5. [See also W. B. Grove, Bacteria and Yeast Fungi, 1884] . 
'» From B. Koch, Berliner klinische Wochenschrift, 1882, p. 221. 

* Such .an apparatus can be obtained from Dr. Robert Muencke, in Berlin, 
Louisenstrasse, 58, or from Dr. Hermann Bohrbeck, Berlin, Friedricbstoasse, 
100, at an expense of from 25 to 50 M. The propagating chambers of d'Arsonval. 
which cost however of Dr. Muencke from 72 to 108 M., or of Dr. Bohrbeck 28 to 
180 M., are to be specially recommended. 
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" Compare on this point C. Friedllinder, Mikr, Technik, II., edit., p. 53. 

*** Neelson*8 method, according to Hoyer. 

1* According to Soubbotine, Arch, de Phys, norm, et path,, Tom. XIII., 1881, 
p. 477. 

" According to Hoyer, Uc, 

^* Weigert, Virchow's Archiv, Bd. LXXXIV., p. 201 ; Firket in Bizzozero's 
French translation of the Manuel de micr, din,, p. 314. 

1*^ Gram, Fortschr. d. Med. 1884, p. 186. 

17 Victor Babes, Archiv. fur mikr. AnaU, Bd. XXII., pp. 859 and 861. 

18 Introduced by R. Koch; Unters, Uber AeU d» Wundinjectionskrankheiten, 
Leipzig, 1878. • 

1^ According to a method recommended by Roberts and Bachner ; compare 
Zopf, die Spaltpilze, p. 57, to which work I have in general referred as a source 
for the other literature. 

^ Compare Brefeld, Schimmelpilze, Heft IV., p. 88. 

" Brefeld, l.c., p. 43. 

^ Gf. Eoch,.in Cohn's Beitrage z. Biolog., Bd. II., p. 402. 

-3 Brefeld, Z.c, p. 40. 

^ Buchner, in Naegeli*s Unters. ieb. niedr. PUze, p. 192, where are representa- 
tions of the special forms of glasses used for culture experiments. 

^ Buchner, Stzher. d. kongl. bair. Akad. der Wissensch., 1880, p. 381, and 
in Naegeli's Unters., as above, p. 159. 

2« Employed by Klebs; Arehiv.f. exper. Path., Bd. I., p. 46; for the rest I 
have again had recourse to Zopf, SpaltpiUe, pp. 43 ft. 

27 From Naegeli, Stzher. d. kgl. bair. Ak. d, Wiss., 1880, p. 410, and UnUrs. 
ttberniedr. Pilze, p. 13 ; Buchner, Stzber. d. kgl. bair. Akad. d. Wissensch., 1880, 
p. 374, and in Naegeli's Unters. Uber niedr. Pilze, p. 146. 

[^7* According to H. Fol and P. L. Dunant {Arch, des sc. phys. et not. de 
Genlve, tom. XIII., 1885, p. 116), this same method can be employed to 
determine the number of Bacteria contained in a given quantity of a fluid. 
This fluid is diluted up to a certain point with sterilized water ; then a portion 
is taken and added to a known quantity of nutrient fluid, and this mixture is 
divided equally amongst a number of glasses. The number of glasses which 
remain sterile, compared with the total number, and with the quantity of fluid 
taken, enables us to calculate the number of Bacteria in the original £uid. If 
all the glasses contain Bacteria, the fluid employed has not been sufficiently 
diluted.] 

28 According to Zopf. I.e., p. 44. 

^ Introduced by Brefeld ; compare Schimmelpilze, Heft I., p. 15. Completed 
by B. Eoch. Compare B. Eoch, Zur Untersuch. pathol. Organismen, extracted 
from Kaiserl, Gesundheitsamte, 1881, p. 18, and numerous other researches in 
the same. 

30 Bainier, Annal, des Sc. Nat. Bot., Series VI., tom. XV., p. 846. 

31 According to Van Tieghem and Le Monnler, Annates des Sciences Naturales, 
liotanique, V. ser., tom. XVII., p. 263. 

3< Dippel, Das Mikroskop, 2nd edit., p. 662; Grundzilge der aUg. Mikr. 
p. 295. 

[For the morphology of Bacteria see also W. B. Grove, A Synopsis of Bacteria 
and Yeast Fungi, 1884.] 
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CHAPTER XXII. 
THE REPBODUOTION OF ALGiE. 

Matbeial Wanted. 

Spirogyra in conjugation. Fresh. 

Cladophora ghmerata, taken from qnickly-flowing water. Fresh. 
VaucJtei'ia sessilis. Fresh. Also the terrestrial form of the same, 
with the sexnal organs.* 

Now that we have obtained information in the general sphere 
of morphological investigation amongst higher as well as lower 
vegetable organisms, it will be onr task to make ourselves ac- 
quainted with the most important of those problems which the 
special morphology of microscopical investigation provides. In 
this we shall take just the opposite waj to that we have 
hitherto followed, and slowly mount from the simplest groups 
of organisms to those most highly organized. We have already 
made a commencement in our last chapter upon the Bacteria, 
to the entire cycle of development of which we have directed 
our attention. [In the whole of this life-cycle there was no 
indication of separate sexuality. The process of multiplication 
was vegetative, or asexual. Organisms of somewhat higher grade, 
however, show both of these processes, vegetative or asexual 
-multiplication, on the one hand of entire organisms, or on the 
other hand of the constituent cells of those organisms, and the 
commencement of the life-cycle of new individuals through pro- 
cesses of more or less complicated sexuality.] We will now 
continue with the examination of the asexual and sexual processes 
amongst the Algae. 

Opportunity is not rare for examining the various species of 
Spirogyra in process of Conjugation.^ This is recognisable out of 
doors by the crinkled look [rather yellowish] and hangmg together 

* All these AlgsB oan probably be obtained from T. Bolton, Newhall Street, 
Birmingham. [Ed.1 
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of their masses of threads. The process cao be easily followed, 
but the threads must not be directly covered "with a cover-glass 
upon the object-slide ; but on the other hand the small pasteboard 
moist chamber, described on page 174, will serve with advantage, 
and then the Spirogyra is placed in the drop suspended from the 
cover-glass. Conjugation in most species takes place in ladder- 
like fashion, i.e., two threads lying alongside one another are 
united by cross-bridges. The cells put out short blunt projections, 
which come into contact and fuse with one another. In many 
cases it can be distinguished, before conjugation, which thread is 
male and which female, since the cells of this latter swell out. into 
barrel- shape. After the. union of the conjugating processes, the 
contents of the male cell tend first to become rounded off, and 
finally withdraw on all sides from the cell-wall. They then pass 
into the conjugating canal, and through the partition walls [of the 
two conjugating processes], which in the meantime had become 
softened. The female cell had simultaneously rounded, or rounds 
off on entrance of the male cell. Both cells come into contact, and 
after a few minutes coalesce. Their contents blend ; the chloro- 
phyll bands join together ; the two nuclei unite into a single one,- 
this, however, not being visible without the use of staining re- 
agents. The zygote [zygospore] thus formed begins at once to 
contract; after the course of an hour its cavity [hitherto filled 
with cell-sap] has completely disappeared [the. cell-sap being 
expelled]. In this contraction the chlorophyll bands are drawn 
more into the interior, while the periphery appears composed of 
colourless frothy protoplasm. The zygote [zygospore] is more 
or less globular.' After the lapse of twenty-four hours, it has 
again enlarged, acquired a cavity, and taken an ellipsoidal form ; 
the chlorophyll bands are pressed to the periphery, and a clear 
membrane, with double contour, now covers the zygote. 

This process of conjugation we have just studied is characteristic 
of the entire section of Algce, collected together as ConjugatSB. To 
this, besides the species of Spirogyra, so widely diffused in fresh 
water, belong also the almost equally widely-spread species of 
Zygnema, recognisable by two stellate chromatophores in each 
cell, and the elegantly formed Desmideee. Into close connection 
with these latter we can bring the DiatomaceeB, in which typical 
conjugation is likewise present. 

The genus Cladophora, belonging to the ChlorophycesB) the 
structure of which is already known to us, provides us with a 
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right favonrable object for the stndy of swarm-BporeB;*'' it is onlj 
to be regretted that they are not always inclined to the production 
of swarm-spores. It is comparatively easy to obtain swarm-spores 
of the marine forms, which we lay in a large vessel with sea- 
water; still amongst fresh- water forms, OZoclopAora^Iofitera^a, if taken 
from i*apidly-flowing water, and laid about evening in a shallow 
vessel with a layer of water about f-inch deep, will be found with 
swarm-spores usually next day. The formation of these com- 
mences at the apex of the branches, and proceeds towards their 
bases. Hence all stages of development are easily found close 
together. We .look at these in the direction from the base 
towards the apex of the branch, and commence with a still un- 
changed cell. The structure of this is already known to us. 
What is visible without reagents we soon recognise again : the 
polygonal, closely-crowded chromatophores, which contain small) 
pale starch-granules, in part also having larger amylum-groups ; 
the plasmic plates which traverse the cavity of the cell, and in 
part also contain chromatophores. If we pass now gradually from 
such a cell to such as are beiog transformed into sporangia, first 
of all a change of the colour of the contents strikes us. With a 
sufficiently high power we can determine at the same time the 
absence of the amylum-groups ; these have fallen into individual 
starch-granules, and simultaneously has come about a subdivision 
of the chromatophores into smaller ones. In the next stage the 
chromatophores begin to arrange themselves into a net, so that the 
entire contents of the cell, surrounding a narrower or wider 
cavity, appear divided into approximately equal polygonal sections. 
The middle of each of such sections is free of granules, and fixed 
and stained objects teach us that a nucleus lies there. At the same 
time the peripheral layer around the whole contents of the cell 
increases in thickness, and becomes readily visible. It is especially 
thick at the angles of the cell. At one place, usually in the 
neighbourhood of the front end of the cell, and in terminal cells 
occupying the anterior end, is still noticeable a lenticular aggre- 
gation of colourless protoplasm. Corresponding with the centi« 
of this aggregation the membrane of the cell swells and bulges 
out, likewise as the result of the increase in volume due to the 
swelling, into a papilla-like projection. The niext change consists 
in that the chromatophores withdraw towards the interior of the 
polygonal sections, and these latter appear bounded towards one 
another by clear lines. The sections then begin to round off, and 
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80 partially to separate from one another. The peripheral sections 
now project outwardly as roundish knobs. The colourless peri- 
pheral protoplasm takes no part in the differentiation of the 
chlorophyll-containing contents into individual sections, but is 
transformed into a colourless mucus, which plays a part in the 
evacuation of the swarm-spores [zoospores]. Corresponding with 
the strong aggregation of colourless protoplasm at what later on is 
the place of exit, the mass of slime formed is here the largest, and 
the still connected mass of swarm-spores remains, therefore, at 
this place, somewhat removed from the swelling cell- wall. In the 
mulberry-like mass of the swarmers the cylindrical, more strongly 
or feebly developed cavity is now easy to see. In a sporangium 
very rich in contents it may be wanting. In general it is, however, , 
present, so that the swarm-spores form a double or triple layer 
around this inner hollow. The swarmers soon take on a pear-like 
form. The anterior, colourless, tapering end is easily distinguish- 
able from the rounded chlorophyll-containing posterior end; on 
the surface of each swarm-spore appears a narrow, reddish-bi-own 
fleck, the so-called eye-spot. The cell-membrane, at the part 
corresponding with the papilla, is already so strongly swollen that 
its outline is difficult to recognise. With continuous observation 
we shall now soon see the moment arrive when the sallying of the 
swarm-spores begins. Under the pressure of the contents the 
swollen substance of the papilla is broken through, and the mass 
of the swarm-spores strongly pressed forwards. At the same time 
with the swarm-spores, finely granular masses of contents of the 
cell-cavity move outwardly. After a while the forward-pressed 
swarm-spores set up a motion. The contents of the sporangium, 
decreasing in bulk, withdraw from the cell- wall ; apparently the 
mass of jelly which lies there presses on the cell-contents. If only 
a few swarm-spores are present in the sporangium,, they now begin 
to move about confusedly, and one after another pass outwards 
through the papilla. A small number can also remain behind in 
the sporangium. If the object is examined in a suspended drop, 
under, the influence of light, the swarmers ultimately collect either 
at the side of the drop turned towards, or at that turned from, the 
window. These swarmers are not, however, amongst those most 
sensitive to light ; they remain for a longer time scattered in the 
drop, move about in indefinite directions, and only gradually, while 
their motile energy diminishes, arrive at the edge of the drop, 
where they come to rest. They then round off, and surround 
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themsehres with a cell-walL With a little potassinm-iodide-iodin^, 
these swarm-spores can be very well fixed (Fig. 86). We recog- 
nise now two cilia npon each (or, with the species of Cladophora, 
even four), which arise from a small projec- 
tion from the anterior end of the swarm-spore. 
[The swarm-spores move with the ciliate end 
forwards.] In swarm-spores Ijing in a favour- 
able position, the small nucleus is thoroughly- 
recognisable, after treatment with iodine, 
Fi». se—ciodophora ^^^ ^^ *^® anterior colourless end (compare 
giomerata. A swarm- the figure) ; the nucleolus usually stains very- 
spore fixed with potas- r | 
slom-iodide-iodine. On Sharply. 

the right hand is seen These swarm-spores observed by us are 
anterioiTSitourieHs por^ asexual, but in Cladophora still other, smaller, 
tion the nucleus is to be sexually differentiated swarmers, or Oametes, 

are produced. These conjugate with one . 
another, but have hitherto been observed only in the marine 
forms.* 

From amongst the Siphonea we select for examination the 
widely- spread Vaucheria sessilisj in order to study the formation 
of its swarm-spores (zoospores) and sexual organs. If we have 
collected strong specimens of this alga in standing, or better still 
in flowing, water, and afterwards placed then in a shallow vessel 
with fresh water poured over them, we can pretty certainly 
reckon on numerous swarm-spores by next morning. These are 
being turned out the whole forenoon, so that we can easily find 
all the desired stages.^ If we examine the culture with a lens of 
considerable focal distance, we can easily recognise the first for- 
mation of the sporangia by the dark colour of the ends of the 
threads. If now we seize with the forceps, at their point of 
junction, a groiip of threads which appear to be in the desired 
condition, and transfer them, without allowing them to be bent, 
to an object-slide, we may study upon them directly the further 
processes of development. Moreover) these often go on undis- 
turbed under the cover-glass, if only the object is protected from 
the pressure of the cover-glass by minute fragments of elder-pith, 
or horse-hairs, placed under its edges. If a sporangium has been 
formed out of the end of a branch, contents rich in chlorophyll 
collect in this, and at the same time the end of the twig begins 
to swell into a club. The hollow in the club is narrowed (Fig. 
85, A), and is soon separated ofE in the upper part of it as a 
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spherical vacuole. The sporangium is then cut off by a*partition 
wall, in the formation of which the chlorophyll-containing con- 
tents of the young sporangium and of the rest of the sac 
temporarily separate from one another, so that we can see them 
separated by a clear interspace (Fig. 87, B), Around the contents " 
of the sporangium is now formed a clear border (JE7), which soon 
shows radial structure. This border consists of colourless proto- 
plasm, the radial structure arises from the elongated, radially- 
arranged nuclei, which are here collected (F, 0). These nuclei 
show up clearly only 
after treatment with 
suitable reagents, 
and are only visible 
with strong magnifi- 
cation.® The swarm- 
spore of Vaucheria 
is therefore molti- 
nnclear. When the 
3warm- spore is 
fully formed, it is 
at once evacuated. 
The apex of the 
sporangium rup- 
tures with a jerk, 
and at the same 
moment the anterior 
part of the swarm- 
spore flows out of 
the opening, and 
simultaneously be- 
gins to rotate upon 
its axis. The swarm- 
spore has to squeeze 
through the opening. 



Fxo. 97.—Vauclieria sessilif, A and B, formation of the 
Bporangium ; C-E, formation of the swarm-spore oat of 
the contents of th# sporangium ; F, a swarm-spore set 
free ; GF, a portion of the outer, colourless plaamio layer 
["ectoplasma'*], taken i^mthe anterior end of the swarm- 
spore. A-Eix 96 ) ; I* (X a05) ; Q (X 460). 


Its birth lasts usually somewhat over a 
minute. A swelling substance formed in the sporangium helps 
to expel the swarm-spore. In many cases, though comparatively 
seldom, the anterior end of the swarm-spore twists off from the 
hinder part, still in the sporangium; the anterior part then 
hastens to form a complete, but correspondingly small, swarm- 
spore, and the posterior part forms a second swarm-spore. This 
is only possible by virtue of the multinuclear character of these 
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swarm-spores, in that each half contains the nuclei necessary to 
its existence. The movement of the swarm-spore lasts about a 
quarter of an hour; the direction of the movement is not in- 
fluenced by the direction of the rays of light falling upon it. The 
swarm-spore is egg-like in form ; in the anterior part it is broader ; 
in this anterior end lies the cell-cavity [vacuole]. Only in the 
moment when the swarm-spore comes to rest are the cilia visible ; 
they cover the whole body as a short down. In the next moment 
they are withdrawn into the body of the swarm-spore, which, 
during this pro(;ess, shows a wrinkled surface. Afterwards the 
body is again smooth. During the withdrawal of the cilia it is 
noticeable that the swarm-spore has already surrounded itself 
with a very delicate membrane. The spore now rounds off 
slowly ; its colourless border disappears, while the chlorophyll- 
grains come to the surface ; the cell- wall rapidly becomes thicker. 

In the terrestrial form of 
* * Vaucheria sessilis, Vauch., the 

sexual organs are found very 
easily. The species is re- 
cognisable in that the female 
organs, the oogonia, are ses- 
sile (i.e., unstalked) upon 
the filamentous thallus, and 
that the male organs, the 
antheridia, on the other 
hand, arise as a direct con- 
tinuation upon a short, horn- 
like curved branch, arising 
immediately from the fila- 
mentous thallus. An antheridium and an oogonium arise usually 
in a pair quite close together; not infrequently, however, an 
antheridium can be seen between two oogonia. This species of 
Vaucheria is chosen for examination, and not that which is met 
with quite as commonly upon damp earth, in which oogonia and 
antheridia are seated upon a common lateral branch, which 
is ended by the oogonium. This last species, Vaticheria terrestris 
Lyngb., is little suited for examination. The aquatic Vaucheria 
sessilis, when in culture, forms at first the swarm-spores already 
described, and tends only after some weeks to produce sexual 
org^,ns. The oogonium is obliquely ovate, thickly filled with 
plasma containing chlorophyll and oil, separated from the thallos- 



Fze. SS.^Vauehwia M<nl{«. Portion of the 
thallas with Be:tiial organs, o, oogonium ; a, an- 
theridiam ; ch, chromatopbores ; ol, oil-drops. 
The nuclei n are inserted, althongh they are 
only visible after suitable staining ( x 210 ). 
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tihread by a partition wall placed somewhat above its point of 
insertion. The oogonium is provided with a unilateral, beak-like 
outgrowth, in which colourless protoplasm is collected. In ad- 
vanced stages of development of the oogonia this latter occupies 
the entire upper third of the egg [-cell, or oosphere].* If now 
we observe such an oogonium continuously, we shall see the 
colourless substance at the beak end put out a papilla-like pro- 
jection, which rounds ofE more and more into an independent 
ball ; this separates finally from the contents of the oogonium, and 
is thrust out into the surrounding water, where it slowly goes 
to the bottom. Direct observation shows us that in this the 
membrane of the oogonium at the end of the beak is not per- 
forated, but rather swells into a jelly, and that the issuing 
plasmic drop is pressed out through the jelly. The remaining 
contents of the oogonium round off, its colourless apex is the 
place of fertilization [receptive spot of the oosphere, or egg-cell] . — 
The antheridial branch is more or less strongly curved. Its upper 
third is formed into an aatheridinm, and is cut off by a partition 
wall (Fig. 88, a). In the ripe condition it is distinguished by 
its colourless contents, while the branch which bears it is rich 
in chlorophyll-grains.'. The antheridium usually tui-ns its apex 
away from the oogonium. In the colourless contents of the 
antheridium short rodlets, arranged longitudinally, are more or 
less clearly distinguishable. At the moment when the oogonir.m 
presses out a portion of its colourless protoplasmic substance, the 
antheridium opens at its apex, and evacuates its slimy content. 
The greater part of this remains in the surrounding water in 
the form of colourless bubbles, where it slowly disorganizes ; a 
smaller part hastens away in the form of minute glancing 
spermatozoids [antherozoids]. These actively swarming sper- 
matozoids soon collect in the mass of jelly at the apex of the 
oogonium. Individuals press forwards to the colourless receptive- 
spot of the egg [-cell], and as it were grope around it. In 
specially favourable cases a fusion of such a spermatozoid with 

* Some ezplanatiooi of the terminology is needed here. The female cell, prior 
to fertilization, the Author calls the "egg.'* By others it is known as the 
'* egg-cell'* or ** oosphere.** After fertilization, keeping up the analogy with 
conjugation, the Author calls it "zygote**; by others this fertilized cell is 
called "egg** and "oospore.** The use of the terms "zygospore** and 
"oospore** implies the morphological difference between the fertilizing cells 
in the two cases ; the use of the one term " zygote,** as common to both, 
emphasizes the physiological nnity of the sexual process, even when more 
highly evolved than here. [Ed.] 
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the receptive-spot can be determined. After a short time the 
fertilized egg [or oospore], the zygote, has surrounded itself ivith 
a delicate membrane, which is especially clearly visible at the 
receptive-spot. In the course of some hours the colourless proto- 
plasm of the receptive-spot is diffused equally in the zygote. 
Older zygotes are thickly filled with oil-drops, show some brown 
spots in the interior, and have a firm membrane. 

If a spermatozoid in course of movement is fixed with potas- 
sium-iodide-iodine, two cilii^, unequally long, unilaterally inserted, 
and extended in opposite directions, can be seen attached to it. 


NOTES TO CHAPTEE XXIL 

1 De Bary, Conjugatent p. 3 ; Strasburger, Befruehtutig und Zelltheiluvg^ 
p. 5 ; Knyy Wandtafeln, Text, p. 11. 

3 Schmitz, Stzher. derniederrh. GeBelL, 4th Aug., 1879, p. 23. 

3 Compare Thuret, Ann. des se, nat, BoU^ HI. S6r., torn XIY., p. 219 and 
plate 16 ; Schmitz, Siphonocladiaceen, p. 34, and Chromatoplioren, p. 119, Note ; 
Strasbnrger, Zellbildung und Zelltheilung, 8rd Edit., p. 72. 

* Compare Areschong, Observ. phycoL, II., Acta soc, teienA. Upsala., vol. IX., 
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CHAPTER XXIII. 
THE BEPBODUCTION OF FUNGI. 

Material Wanted. 

Fresh horse-dang to grow moulds upon. 
Piece of diseased potato plant. Fresh. 
A piece of bread to grow blue mould upon. 

If a piece of damp bread is placed under a glass bell- jar, it is 
covered, even in a few days, ivith a thick felt of fungus threads, 
[mycelium], which almost always belongs to Mucor Mucedo} 
one of the Fhycomycetes. This fungus soon shows itself very 
luxuriantly upon fresh dung, kept in a closed moist chamber. 
From the substratum arise erect fruiting branches [conidiophores, 
or gonidiophores], an inch or more in length, which turn towards 
the source of light, and end each one with a globular, yellow or 
brown head, readily visible with the lens [and even with the 
naked eye]. If we lift some of this material carefully from the 
substratum, and place it in a drop of water, we can determine, by 
means of sufficiently strong magni^cation, that the mycelium 
consists of thick, copiously branched, irregularly septate sacs 
[hyphsd], and that from these arise the straight, unseptate and 
unbranched fruiting branches, which bear each one of the globular 
heads, the sporangium. If still unripe, this remains unchanged 
in the water ; its contents consist of yellowish-brown protoplasm. 
In the youngest stages the fruit-stalk is not cut off from the 
sporangium ; later on there arises a partition wall, strongly arch- 
ing into the interior of the sporangium, so that the stalk ends 
inside the sporangium with a swelling like a ninepin, the so-called 
columella. The ripe sporangium deliquesces in water, and of its 
wall only fragments formed of fine needles remain behind, of 
which it has been determined that they consist of oxalate of lime.^ 
The expelled spores lie at pi^tty regular distances from one 
another ; and by pressure on the cover-glass we can determine 
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that they lie embedded in a colourless slime. On the stalk, under 
the columella, is usually to be seen a small collar, as a relic of the 
lime-crust which was attached there. * In the peripheral proto- 
plasmic layer of stalks which are not too old, we can follow fine, 
in the. main longitudinal, streaming of the protoplasm. The sacs 
of MucoT are multinuclear, the nuclei very small, only distinguish- 
able by suitable staining. In dung-cultures the fungus occasion- 
ally forms zygotes [zygospores], which present themselves as dark 
points. They can usually be forced into the formation of zygotes 
[zygospores] in the months of March and April, if the spores are 
sown in fresh, flattened-out horse-dung. The zygotes are ready 
in from eight to fourteen days. At other times, in order to obtain 
the zygotes, it succeeds well if the sowing is made in some drops of 
concentrated plum- juice, sterilized by long boiling, and then mixed 
with ten to twenty per cent, of alcohol [not methylated]. The 
sowing is made on a cover-glass in a damp chamber constructed 
of a glass ring (see p. 244), and the object-slide placed in the 
large plaster-of -Paris moist chamber (p. 243). The zj-gotes [zygo- 
spores] arise by conjugation of the ends of mycelial threads swollen 
into club shape. On the ripe black zygotes, covered with warts, 
the positions of these two mycelial threads can be seen opposite 
to one another, as clearer places with circular outline. 

The cause of the potato-disease is likewise a Phycomycete, the 
Phytophthora infestans, de Bary,^ germinating hyphen of which 
penetrate through the membranes of the epidermal cells of the 
leaf into its intercellular spaces, and spreading about in these 
destroy the tissue of the host,* forming brown spots of constantly 
increasing diameter. In order to obtain the fungus fructifying 
in large quantity, we place a piece of a diseased potato-plant in an 
atmosphere saturated with moisture under a bell- jar, and let it lie 
there for about two days. The diseased leaves are now covered 
over on both sides, but especially on the under, with white 
"moul4>" formed by the filamentous fruiting branches [gonidio- 
phores] of the Phytophthora, These tufts of mould are especially 
developed at the edges of the brown spots. On surface sections 
of the parts covered with mould we see the gonidiophores f pro- 

* I have thus rendered the Author's term ** Nahrpflanze," as the word ** host " 
is fully incorporated into English scientific phraseology as signifying the living 
organism upon which another organism, animal or vegetal, lives, and more or 
less completely preys. [Ed.] 

t la the Author's corrections for the English edition, he has throughout, 
following the terminology of de Baty, erased the term *' conidia," and inserted 
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jecting through the widely opened stomata. We can demonstrate 
this, though less completely, in fragments of leaves, which we place 
in their entire thickness under the microscope. The gonidiophores 
appear as delicate, unseptate threads, branched above, and filled 
with finely granular protoplasm (Fig. 88, A). The branching is 
monopodial [or racemose] ; the number of branches usually but 
two or three. These branches are irregularly swollen at intervals. 
In dry air the gonidiophores, collapsing, are twisted upon their 
axis. Here and there we see at the end of a branch a goniditun in 
course of development ; the ripe lemon-shaped gonidia, however, 
have fallen ofE in laying the preparation in water. In order to 
find the gonidia on the gonidiophore, we must examine the pre- 
paration dry. The preparation is, however, to be covered with 
a cover-glass, and a trace of water placed under it from the edge, 
because otherwise the gonidiophores, as already indicated, rapidly 
drying, shrivel up. In plants collected from the open air the 
gonidiophores are found only on the under side of the leaves, and 
do not grow so tall as in the moist chamber ; are much less notice- 
able, therefore, with the naked eye. Delicate cross-sections through 
diseased leaves, made by means of elder-pith, and always at the 
margins of the spots, permit us to clearly follow the exit of the 
gonidiophores from the stomata. Often several such hyphsB come 
side by side out of the same stoma ; or, more commonly, the hypha 
branches at its exit, and gives correspondingly more gonidiophores. 
From these places we can, though with great difficulty, follow the 
hyphsB inwards, into the tissue of the leaf, and determine that they 
pass into the interceUular spaces. As a distinction from the most 
nearly-allied species of Peronospora, PhytophtTiora forms but spar- 
ingly, and then only short, suctorial organs (haustoria), penetrating 
into the cells of the host, so that usually they may be looked for 
in vain. The delicate mycelial threads, on the other hand, cling 
closely to the cells of the host. Such cells show first a brown- 
ing of their chlorophyll-grains; these fuse finally together, and with 
'he other constituents of the cell, into a dark-brown, coagulated 
mass ; at the same time the whole cell collapses. The gonidia are 
lemon-shaped (Fig. 88, B), with short stalks, somewhat tapering 
apex, and finely granular contents. The membrane of the gonidium 
is very delicate, a little swollen at the apex. They are, as we 

** gonidia.'* I have retained this alteration. In most works, however, the 
student will find ** conidia,*' with its derivatives, applied to Fungi, ** gonidia," 
and its derivatives, applied to AlgsB— a separation not without advantage. [£d.] 

R 


258 


PHTTOPHTHORA INFESTANS. 


have already seen, situated at the ends of the branches of the 
gonidiopbore; if they have attained tbeir full dimensions, the apex 
of the branch under the point of origin of the gonidinm further 
grows unilateralljf presses the gonidinm over to one side, so that 
this comes to lie in a position at right angles with the branch. At 
the apex of the branch soon arises the foundation of a new gonidinm 

(compare Fig. 89,^). We 
sow the gonidia in a drop 
of water upon a cover- 
glass, and take care hj 
stirring the drop that the 
greater part of the gonidia 
are immersed. The cover- 
glass is laid upon a small 
moist-chamber, and the 
drop suspended from it. 
I Vj I ^^V The culture mu^t not be 

\^ \ ^ carried on in too intense 

light. After the lapse of 
about an hour, perhaps 
later, the formation of 
swarm-spores from the 
contents of the gonidia 
begins. The gonidia are 
converted, therefore, into 
sporangia; they can, how- 
ever, germinate directly, 
when we see some of those 
lying at the surface or at 
the edge of the drop put 
out a hyphal sac from the 
anterior papilla. In those 
that are immersed and 
form swarm-spores, the 
contents divide into an 
indefinite number of cells 
(C), in each of which we 
can see a small central vacuole. The apex of the gonidinm swells 
out into a papilla, is finally dissolved, and the separated masses of 
its contents are successively pressed out through the small round 
aperture. They hasten away as swarm-spores. If we fix these 



Fio. 89.— ij, surfaoo-view of the epidennig of the 
leaf of Solanum tuberotum [the potato], with the 
gonidiophores of Phytophthora infettanB projecting 
out of the Btomata (x 90); B, a ripe gonidinm; 
C, another, with divided contents. D, a swann- 
Bpore {B-D x 640). 
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swarm-spores with iodine solution, we can determine the presence 
upon them of two cilia. These are inserted laterally in the 
proximity of the now peripheral vacuole (D). The movement of 
the swarm-spores lasts up to half an hour. They then come to 
rest, surround themselves with a cellulose membrane, and ger- 
minate soon into a hyphal sac. It is this sac, developed directly 
from the gonidium, or from a swarm-spore, which penetrates 
through the epidermis into the stem and leaves of the potato-plant, 
and can, as may be proved, in this way infect a completely healthy 
plant. The rapid multiplication of the parasite is provided for by 
the formation of gonidia. 

Sexual organs have not yet been found upon Phytophthora 
infestanSf although known for the nearly allied PeronosporeaB. In 
these, mycelial branches in the interior of the host swell, usually 
at their end, globularly, and form the oogonia by cutting off these 
swellings by partition walls. By each oogonium is found a 
mycelial branch, with, its end cut ofE as an antheriditun. The 
greater part of the protoplasm present in the oogonium forms 
a central globular egg [-cell or oospbere]. The antheridium puts 
out a f ertilizsing sac to the egg [-cell] , and this surrounds itself 
afterwards with a firm membrane.* 

Upon the most variable objects in damp positions, even if only 
traces of nourishment can be obtained from them, soon is wont 
to be found the blue-green mould, PenicilUum crustaceum, Fries.* 
It is the most widely distributed of all moulds ; we meet with it 
everywhere. We shall not, therefore, need to seek long for 
material for examination. It will be, however, most convenient 
to moisten a piece of bread, and place it under a bell-jar. Not 
improbably Mucorinece will first show themselves on the bread ; 
but soon the, at first, more slowly developed PenicilUum will have 
supplanted it, and after aboujb eight days covers the substratum 
with a dense, blue-green covering. The blue-green coloration 
arises from the spores of PenicilUum^ which, however, only show . 
this coloration when in great quantity. We now lift a little mate- 
rial from the substratum, and examine it in water. The mycelium 
consists of branched hyphsB, which are divided by partition 
walls. The contents directly visible are finely granular proto- 
plasm and small vacuoles. Individual threads, not distinguish- 
able from other mycelial threads, have developed into fruiting 

• In our customary terminology, by fertilizing, the egg-cell (oosphere) be- 
comes an egg (oospore). [Ed.] 
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brancHes [gonidiopliores]. At their apex they bear a wborl of 
abort brancbee, wbicb branches (Fig. 90, s ') on their part either 
bear directly whorls of basidia, or previously each one again bears 

a whorl of shorter lateral branches, 
and then these bear the whorls of 
basidia. This branching gives to 
the fruiting branch the appear- 
ance of a brush. Commonly other 
lateral branches, which arise just 
under a partition wall of the 
primary fruiting branch (as in the 
right hand of the figure), come up 
laterally to this terminal brush, 
and form secondary fruiting 
branches. The basidia, as suffici- 
ently strong magnification shows, 
are cylindrical, prolonged at their 
end to a finer projection, the 
sterigma [pi. sterigmata]. This 
sterigma swells to a globular point, 
and forms a quickly-growing spore. 
Under the first spore soon shows a 
second swelling, which becomes a 
spore, and so on, so that chains of 
spores arise [the terminal spore 
being the oldest]. The uppermost 
spores of the chain are thrown off, 
while new ones press outwards 
from below. Tufts of Penicillium, 
fixed with alcohol, stain very well 
with, haematoxylin [logwood], by 
which it can be determined that 
in the cells of the mycelium and 
the fruiting branch numerous nu- 
clei are present.*^ The nucle"i are 
very small, so that they require 
strong magnification. They are 
elongated in the longitudinal direc- 
tion of the cell, and joined by fine plasma-strings. Id. long cells 
very many can be counted ; in the shorter branches of the whorls 
on the fruiting branches, only one or two ; in the basidia, pro- 



Fi6. 90.— PanioiRivm eruataceum, fruit- 
ing branches with verticilB of branches 
{»' and s% basidia (b), sterigmata (at), 
and spores; nuclei visible. From an 
al6obol-h«niatozylin preparation (x 
640). 
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bably only one at the tipper end. Tlie baeidia, however, are usually 
filled so thickly with contents at the apex that the identification 
of the nucleus in them is impossible. In the spores also, with 
the strongest magnification, a nucleus can be distinguished with 
certainty for each. 

To complete what we have already said, it may be added that 
besides the above-described fruiting branches, it is possible to rear 
upon Penicillium a second kind of fruiting body.* These arise in 
suitably managed culture en masse, have the size of small pin- 
heads, and a yellowish colour. In their interior, after longer 
period of rest, asci are formed, each of which produces 8 spores 
[ascospores]. Therefore Penicillium must be set down as an 
• Ascomycete, one representing the section of cleistocarpous Asco- 
mycetes, with closed fruit-body. Out of the spores developed in 
the asci the brush-like gonidiophores have been again developed 
upon the object-slide. 


NOTES TO CHAPTER XXIH. 

* Brefeld, Sehimmelpilze, Heft I., p. 10 ; the other literature is given here. 
« Brefeld, U., p. 18. 

.3 Compare de Bary., Ann, des Sc. tiat. Botanique, IV. Series, torn. XX., p. 
32, and Beitr&ge zur Morph, und Phys, der Pilze, Heft U., p. 36. 

* Brefeld, i.e., Heft H. 

* Strasburger, Zellb. u. Zellth, 3rd edit., p. 221. 
« Brefeld, Z.c., p. 39. 

Compare Bainier, Annalet des Sciences naturellesy Botanique, VI. Scries, tom. 
XI., p. 345, for further partioalars on the culture of the Mucorinete. 
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CHAPTER XXIV. 
THE BEPBODUCTION OF THE HIGHER FUNGI AND LICHENS. 

Material Wanted. 

Leaves of Barberry with cluster-cups. Fresh (gathered in May or 
June), dry, or in alcohol. 

Plants of grass (wheat or oat, etc.) affected with rust. Fresh 
(gathered mid- June to August), dry, or in alcohol. 

Bu88ula sp. Fresh, or in alcohol. Failing this, the common Mush- 
room {Agaricus campesiris). Fresh, or in alcohol. 

The Morell {Morchella esculenta). Fresh, dry, or in alcohol. 

Anaptychia dliaHs, in fructification. Fresh, dried, or in alcohol. 

In the months of May and June are found not infrequently upon 
the under side of the leaves of the Barberry (Berheris vulgaris) 
orange-coloured warts, which, to the naked eye, appear finely 
pitted. Examination with a lens shows them as cushion-like 
yellow swellings, upon which are placed small orange-red cuplets. 
The corresponding positions on the upper side of the leaf present 
themselves as reddish spots edged with yellow. Examined with a 
lens, usually numerous brown points, surrounded with orange-red, 
show out in the inner parts of them. Individual similar points 
are often to be found on the edges of the cushion on the under side 
of the leaf. The cuplets on the cushion of the under side of the 
leaf are the aBcidinm-fruits of Mcidium Berheridis [the " cluster- 
cup ** of the Barberry] ; the corresponding points on the spots on 
the upper side of the leaf, and also upon the edges of the cushion 
on the under side of the leaf, are the spermogones appertaining to 
them. Together they form the first generation of the common 
fungus, rust of wheat, etc. (Fuccinia graminis), belonging to the 
iEcidiomycetes or UredineaB, of which the second generation is 
gone through upon our com and other grasses, giving rise to the 
appearance of the disease called "rust."^ By means of elder-pith 
we prepare delicate cross-sections through an infected leaf, and 
examine them with weak, and afterwards with strong, magnifica- 
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tion. We assuine that fresh material stands at onr disposal ; the 
investigation can, however, be carried on satisfactorily upon dried 
and soaked, and well upon alcohol material. The sections pre- 
pared from the fresh leaf are especially clear if we run in a little 
potash solution. In the uninfected parts the barberry leaf shows, 
proceeding from above downwards : an upper epidermis ; a single 
layer of elongated palissade-ceUB ; a loose spongy parenchyma, 
about five cells deep ; the under epidermis. The cushions of tissue 
of the infected parts have attained more than double the thick- 
ness of the leaf. Upon the palissade layer of 'the upper side, 
which is higher, but otherwise appears little changed, impinges a 
closed tissue, which also shows to be more or less elongated in a 
direction at right-angles to the surface of the leaf, and from 
the small development of its intercellular spaces is essentially 
distinguished from the spongy parenchyma of the surrounding 
parts of the leaf. The epidermis of both surfaces of the leaf has 
not been affected in the form of its cells. The contents of all 
these cells are disorganized, and consist partly of colourless oil- 
drops, partly of greenish-yellow and reddish drops and granular 
masses, proceeding from the chlorophyll-grains and the cell pro- 
toplasm. The entire tissue of the cushion shows its intercellular 
spaces traversed by delicate, partially-branched fungal hyphsB, 
septate by cross- walls, and containing oil-drops. These extend on 
both sides to the epidermis. With chlorzinc iodine, as also with 
iodine and sulphuric acid, blue coloration is not induced, since 
fangal-cellulose rarely shows this reaction. The aBcidium-cups, as 
we have them before us in longitudinal section, are sunk above the 
middle in the tissue of the cushion. We easily determine that the 
mycelial hyphsB under the cups form a dense, almost pseudo- 
parenchymatous, layer, from which, perpendicularly outwards, and 
parallel to one another, rise numerous thicker club-shaped hyphee, 
in gap-less union, forming the so-called hymenium. These hyphaB, 
the basidia, pass over at their ends into straight rows of spores, 
which at the basidia are colourless and, from mutual pressure, 
polygonal, but gradually become orange-red and rounded. Higher 
up the spores separate from one another, and are evacuated from 
the opened fruit. The observation of the youngest spores upon 
the basidia convinces us, however, that they are cut off one after 
another by cross- walls, from the apex of the growing basidia. The 
unilamellar wall of the fruit (the peridium) consists of cells which 
look very like the spores, but remain polygonal, and do not sepa- 
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rate laterally from one another. Their fine delicately porons walls 
are especially strongly thickened on the outer side. The develop- 
ing peridinm pushes back and destroys the surrounding tissue 
of the cushion, and tears open the epidermis in order to open out 
to the exterior.— The pear-shaped spermogones, especially found 
upon the upper side of the leaf, are, like the 89cidium-fruits, sur- 
rounded by a weft of hyphsB, though less strong, from which arise 
densely-crowded, parallel threads, running towards the middle line 
of the structure. These threads are very delicate ; those found in 
the upper part of the organ project as delicate bundles towards 
the exterior [compare Fig. 90* later]. These delicate threads, 
the sterig^mata, abstrict at their points exceedingly small, globular 
cells, the spermatia, which, as a slimy mass, are evacuated out- 
wards from the organ. The sterigmata themselves contain 
orange-red oil-drops, which gives to the entire organ, especially in 
its outer parts, its special coloration. The spermatia do not 
germinate ; their significance is still unknown. There is a dispo- 
sition to take them for male sexual products, and to consider that 
the sexual act leads to the formation of the 89cidium fruits. — As 
already mentioned, the fungus lives as a second generation upon 
GramineaB. It belongs to the heteroBcioiis parasites, which, in 
contradistinction to the autoBcioiLS, go through their alternation 
of generation upon different hosts. This can be demonstrated by 
direct sowing of the SBcidium-spores upon seedlings of the cereals.* 
The nredo patches of Puccinia graminis we encounter not in- 
frequently in the open field, from mid-June to autumn, upon rye, 
wheat, barley, oats, and especially also on the couch-grass or 
twitch (Triticum repens). They especially take possession of the 
haulm and the leaf-sheaths of the infected plants. They are easily 
recognised as narrow, rust-coloured to dark-brown streaks, run- 
ning parallel with the veins. Upon the leaf-sheaths and haulm 
(stem) they attain to even two or more inches in length. The 
epidermis of the host is torn open and raised by the protruding 
spore-patches. First appear the rust-coloured patches of nredo- 
sporeSywith which gradually are associated brown telentospores. 
They take possession of the patches of uredospores, and at length 
completely supplant these latter, whereon the patch becomes dark- 
brown, almost black. Towards the end of summer only telento- 
spores are to be found. — If fresh material is not obtainable, those 
preserved in alcohol, and even dry plants, will answer for the 
investigation. We first prepare a cross-section through the haulm 
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of an oat which is infected with rusty nredo-patches. We can 
easily demonstrate npon the cross-section that the fungal hyphsB 
only traverse definite tissues of the host ; it is the chlorophyll- 
containing, looser strips of tissue, which alternate with sclerenchy- 
matously-thickened strips, in the periphery of the stem, and are 
covered with an epidermis provided with stomata. Here the cells 
are densely enveloped in segmented hyphsB, and their contents 
disorganized. In the places where the section has passed through 
a patch, we can see numerous short and delicate twigs, directed 
outwardly, arise from the mycelium, which at their swollen ends 
abstrict a unicellular spore, the uredospore. The surface is rup- 
tured, its edges thrown up laterally. The spores are in different 
stages of development. Those that are ripe appear an elongated 
oval, and with sufficiently strong magnification permit us to dis- 
tinguish two layers in their wall. The outer, dark-brown, is 
covered with numerous small warts ; the inner, less dark, shows 
several, usually four, regularly distributed pits in the equator. 
The contents of the spore are granular, in the interior parts a 
lively orange-red. 

Cross-sections through the haulm of oat, bearing the dark- 
brown patches of teleutospores, show the same structure, as far as 
the hyphfiB are concerned, as we have already seen. The teleuto- 
spores are mounted upon just the same, but thicker- walled, stalks 
as the uredospores. The teleutospores are two-celled. The two 
cells together form an obovate body, somewhat tapering at its two 
ends. The spore-wall is dark-brown. Plants examined in the 
course of the summer may have at the same time uredo- and 
teleutospores in the patch. 

We may here supplement this by adding that these teleuto- 
spores hibernate, and are first capable of further development in 
the next spring. Each of the two cells puts out a delicate tube, 
the so-called promyceliam, which is segmented into several cells, 
and from these are put forth short awl-shaped outgrowths, which 
cut off at their apex a kidney-shaped sporiditun. These sporidia 
can only infect [i.e., germinate upon] the Barberry leaf ; if they 
happen upon a sufficiently young leaf, their germinating tube 
pierces straight through the outer wall of the epidermal cell 
directly into the interior of the host. As we therefore see, the 
way through the stomata, by which the germinating tubes of the 
SBcidio- and uredospores enter, is not the only one by which infec- 
tion is possible. 
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[In order further to elacidate the various structures referred to 
in detailing the life-history of this JEddium-Puccinia, I introduce 
the adjoining Figure 90*. The description given at the foot of 
the figure should be compared with that given in the text.] 



LTxe. 00*.— Pttcointe grarnvnU and JEeidium Berherid%$, I^ transverse section of the 
leaf of Berhffns, with noidia (a) ; p, the peridiiim, or wall of the SBcidia; «, lower, o, npper 
epidermis of the leaf ; from u to y" the leaf has become thickened by the action of the 
parasite, thus forming the cushion; on the npper surface are spermogonia (sp). A, a yomig 
SBcidium which has not yet burst, n., layer of telentospores (t) on the leaf of Tviticum 
repent; e, its epidermis, m., part of a layer of nredospores on the same plant; ur, the 
oredospores; t, a telentospore. (From Prantl, after Sachs.)] 

In order to make ourselves acquainted with the structure of the 
hymeninm of the Hymenomycetes,^ we select as best one of the 
numerous species of Toadstools (Amanita) , Mushrooms (Agaricus- 
Psalliota), or Bussula. We select here for examination a Bussulan 
because this possesses, moreover, the cystidia, which we have at 
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the same time to make mention of. The cap [or pilexis] shows 
on the underside radially-arranged lamellsB. These bear the 
hymeniiun. We cut, parallel to the course of the lamellae, a small 
piece out of the cap [pileus], and make through this cross-sections 
perpendicular to the course of the lamellsB ; these must be as thin 
as it is possible to make them. The entire cross-section appears 
like a comb, on which the sections through the lamellae form the 
teeth [see Fig. 91*, A, later on]. With a low power we see that 
the hyphee pass out of the cap into the lamellae, run rectilinearly 
in the middle of these, and gradually give off ramifying branches, 
which are directed obliquely towards the flanks of the lamellse, and 
again branch [see Fig. 91*, B and 0]. Some of these branches 
swell into club form, 

and end blind. A .-«mj«sv=%L>'*/' 

large proportion re- 
main slender, and 
form, oatside the 
club-shaped swollen 
branches, a dense 
layer of short, 
rounded segments, 
which we will dis- 
tinguish as the sub- 
hymenial layer. 
This is limited more 
or less sharply to- 
wards the inner 
tissue of the lamella 
— the trama. The 
club-shaped^ swollen 
branches of the trama serve to give to the lamella the necessary 
stiffness. From the sub-hymenial tissue spring the basidia, and 
paraphyses (Fig. 90). These have an approximately parallel 
course, stand out perpendicularly from the flanks of the lamell©, 
and form the hymenium. The basidia (6) are club-shaped. On 
their flattened ends they form four,' symmetrically-placed, thin 
branches, the sterigmata (c). These swell gradually at their 
apices, each into an ellipsoid spore, basidiospore. The basidio- 
spores, when they have attained their full dimensions, remain in 
most cases smooth, or, in many species of Btissula (cf . Fig. 90), 
they form short spines on their surface. They are cut off from 



Fig. 91.— Ei*8«ulo ruhra. Part of the hymeninm. A, 
sub-hymenial layer; b, basidia; «, sterigmata ; sp, spores; 
p, paraphyses ; c, a cystidiam ( x 640). 
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the Bterigmata by a partition wall, and ultimately fall o£E. The 
septation and separation takes place a little below the spore- 
swelling, in the position where the sterigma shows a slight nick. 
The fallen spore has therefore a short stalk. Smaller basidia, 
which remain sterile, form the paraphyses (p), — So far the Toad- 
stools and Mushrooms 
*^ f agree with the above- 

described Bussula, In 
Bussula, however, be- 
tween basidia and 
paraphyses occur also 
individual cy8tidia(c), 
structures of the size 
of the basidia, which 
project a little with 
their pointed ends 
above the hymenial 
surface, with their 
narrowing base pene- 
trate to the sub-hy- 
menial tissue, and 
show themselves to 
be direct branches of 
the median elements 
of the trama. All 
the elements in ques- 
tion are bounded at 
their base by parti- 
tion-walls; they con- 
tain finely granular 
protoplasm, and not 
infrequently individ- 
ual oil-drops. 

[The accompanying 
Fig. 91* will further 
elucidate the struc- 
ture of the Basidio- 
mycetes. It is taken 
from the common 



[Fio. 91*,—Agaricua campestris. A, tangential section 
of the pilens (h), showing tbe lamellse), I. B, a simUar 
section of a lamella more highly magnified; hy, the 
hymenium; t, the central tissue, or trama ; sh, the snb- 
hymenial layer. C, a portion of the same section still 
more highly magnified (x BBO); q, young basidia and 
paraphyses. At this stage these are practically alike; 
s', first formation of conidia on a basidium ; s'', b'", more 
advanced stages; at s"", the conidia have fallen off. 
(From Prantl, after Sachs.)] 


Mushroom, Agaricus campestris. There are no cystids, and each 
basidium produces only two, instead of four, basidiospores. The 
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Mushroom offers, moreover, the advantage of being obtainable 
fresh all the year round.] 

In order to investigate the structure of the hymenium of 
a highly-developed form of the Ascomycetes, we will take the 
Morell, Morchella esculenta. Even dried specimens can here, after 
softening, be employed for the investigation. Fresh are naturally 
to be preferred. The well-known [edible] Morell has an irregularly 
ovate, stalked fructification, which in its interior conceals a simple 
hollow, and whose upper swollen part has deep folds. The areas 
or chambers [between the ridges or folds] are clothed with 
hymenial tissue, while these are not developed upon the projecting 
exposed ribs or folds. Suitable sec- 
tions are very easy to obtain, and 
they must be taken perpendicularly 
to the surface of a chamber. The 
hymenium consists of approximately 
parallel spore-sacs (asci) and para- 
physes (Fig. 92). The sacs, or asci 
(a) are almost cylindrical, and con- 
tain in their upper part eight 
ellipsoid, unicellular spores - [asco- 
spores] , crowded together. Besides 
the spores, there is also present in 
the asci the, in part, strongly refrac- 
tive epiplasm. The paraphyses (jp) 
are brownish, septate threads, some- 
what swollen above. The upper- 
most cell is especially long. They 
do not attain the length of the asci. 
Asci and paraphyses arise as ends 
of hyphfiB of the densely-interwoven, 
flatly-extended, sub-hymenial tissue, 
loosely-constructed inner hyphal texture of the fructification. 
Addition of potassium-iodide-iodine colours the masses of epi- 
plasma in the asci reddish-brown. This reaction is characteristic 
of epiplasma, and has been recently pointed out as a reaction for 
glycogen.* . The characteristic peculiarity of this reaction is shown 
upon warming. To the preparation lying in water, and stained by 
the addition of potassium-iodide-iodine, some water is added, yet 
not so much as to decolorize it ; then it is carefully warmed, with- 
out attaining the boiling point, and held over white paper, in 



Fxe. 92.— Portion of the hymenimn 
of MorchefXa ewulenta. a, asci ; p, 
paraphyses ; th, sub-hymenial tissue 
(X 240). 

This arises from the more 
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order to see if the colour has become paler. H this happens, the 
preparation is then rapidly cooled, ai^d the darker coloration, in 
large preparations even visible with the naked eye, again appears.^ 
With the aid of potassinm-iodide-iodine, the base of many asci 
can be traced pretty deeply into the sub-hymenial tissue. The 
contents of the spores, paraphyses, sub-hymenial tissue, and of the 
tissue in the interior o,f the fructification colours simultaneously 
yellow or yellowish-brown. 

The fungus appertaining to the thallus of Lichens belongs, with 
few exceptions, to the Ascomycetes. The Anaptychia dliaris, 
already known to us, fructifies very freely. The apothecia are 
bowl-shaped, with a frame developed from the thallus. This con- 
tracts under the apothecium like a stalk. A cross-section through 
this stalk shows radial structure, with a uniformly thick cortical 
layer, and following this a homogeneous gonidial layer in its entire 
circuit. The interior of the stalk is occupied by a medulla, or 
" pith," 'formed of a looser hyphal texture. We further prepare 
median longitudinal sections through the apothecium. This shows 
us the frame formed of the tissue of the thallus. The gonidial 
layer extends to its rim, which grows out in places into ciliary 
outgrowths. The apothecial stalk has expanded into a bowl-like 
form, in order to admit the hymeninm, which arises from the 
medullary tissue. The hymenium is recognisable by its somewhat 
brownish colour. It consists of very numerous, long, exceedingly 
narrow, septate threads, the paraphyses ; between these, far less 
numerous, stand the club-shaped sacs, the ascL These latter are 
always of different ages ; the ripe ones contain eight brown- walled 
spores [ascospores]. These spores are ellipsoid, two-celled, a little 
constricted at the boundary of the two cells. Paraphyses and 
asci arise from a like-coloured, felted, horizontally expanded layer 
of little thickness, which is distinguished as the sub-hymenial 
layer. This originates from the medullary tissue of the stalk, 
from which it is cut off by its brown colour and the want of air- 
containing spaces. While, as we have seen, the hyphse of the 
thallus itself are not coloured blue even by chlorzinc iodine, the 
hymenial layer take a dark-blue coloration, even with the addition 
of a little potassium-iodide-iodine. The walls of the hymenial 
elements are formed of a special modification of cellulose, which 
has been distinguished as starch-cellulose. — If we examine the 
thallus of Anaptychia ciliaris with the lens, we shall notice in 
individual spots upon it wart-shaped prominences, standing singly 
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or in groups. If in sncli places delicate cross-sections are taken 
in considerable numbers, we shall probably cut tbrougb sucb a 
swelling (Fig. 93). It appears then as an ovate structure, sunk 
in the thallus, and opening outwardly with a pore, and is now 
known as a sperm ogoninm. * It occupies almost the entire depth 
of the thallus, is laterally surrounded by the gonidial layer, and 
in the interior shows itself to be constructed of delicate, shortly 
segmented, approximately radially-arranged threads, singly or in 
bundles, — the sterigmata 
(compare the Figure). 
The long axis of the 
organ is traversed by a 
cylindrical cavity, which 
receives the rod -like 
spermatia, which are 
segmented off from the 
ends of the sterigmata. 
Through the upper open- 
ing of the spermogone, 
the spermatia can pass 
into the exterior. In the 
CoUemaceeB [gelatinous 
lichens] the function of the spermatia as male sexual organs has 
been determined^; in other lichens their significance is as yet 
unknown. 



Fio. 93.— Gross-section through the thallus of Anap- 
tychia ciliam. 


NOTES TO CHAPTER XXIV. 

^ Compare de Bary, MonaUber, d. k, A had, d, Wiss, in Berlin^ for the year 
1866, p. 16. Kny, BoU Wandtafeln, text p. 68. Frank, Die Krankheiten der 
PflanzeUt p. 454. 

2 De Bary, as above, for the year 1866, p. 206. 

8 Compare de Bary, Morph. und Phys. dir Pilze, p. 112 ; Goebel, Grundzuge 
der Pflamen-morphologie, p. 143. In both the other literature is quoted. 

< Leo Errera, V^piplasme dea Ascomycltes, 1882. The literature of epiplasm 
is here given. 

s Leo Errera, 2^c., p. 45. 

> E. Stabl, Beitrdge zur Entwicklungsgeschichte der Fleehterif Heft. I., 1877* 


• As Anaptychia ciliaris may not be at the disposalof the student, any one 
of the following lichens will serve to show spermogones : Parmelia {Physcia) 
parietina^ Verrucaria nitidat Collema melanum, or Cladonia rangiferina. [Ed.] 
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CHAPTER XXV. * 
THE BEPBODUCTION OF MOSSES AND LTVEBWOBTS. 

Matbktal Wanted. 

Marehantiapolymorpha (Liverwort), with male and female receptacles. 

Preferably fresh. May be kept in alcohol. 
Male " flowers " of a Moss, e,g., Mnium homum, or Polytrichum. Fresh, 

or in alcohol. {Mnium hornum is very common in woods and on 

shady banks.) 
Female " flowers " of the same. Fresh, or in alcohoL 

(Both of these gathered in April, May, or Jnne 
Spore-capsules of the same. Fresh, or in alcohol. 

Amongst Liverworts, Marchantia polymorpha, already known to 
us, rapidly multiplies vegetatively by its gemins. These are 
common amongst liverworts in general, and are here met with 
in especially beautiful form. The gemmae of Marchantia arise 
upon the dorsal [upper] surface of the thallus in cup-shaped 
receptacles or cupules. [See Fig. 93*, JB.] The cups have a 
beautifully toothed rim, and at their bottom the bright green 
gemmsB are visible. A median longitudinal section through the 
cupule, parallel to the long axis of the shoot which bears it, shows 
that the cup is at first slightly narrowed upwards, and then some- 
what suddenly expands into the broad rim. The tissue which 
forms the air-chambers passes into the exterior of the cup, to 
above the point where its outward broadening begins. The 
bottom of the cup is occupied by unicellular club-shaped papillSB, 
the membrane of which swells into mucus. Between these papillae 
are also found individuals which are two-celled ^ ; and some also, 
the upper cell of which has been further cross-septa(e. The lower 
cell remains simple, and forms the pedicel (or stalk) ; the off- 
spring of the upper cell soon divide longitudinally, and the struc- 
ture becomes constantly more multicellular, enlarges considerably 
by surface expansion, and becomes several cells thick in the middle. 
Others will be found which have attained their ultimate biscuit- 
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like [bi-convex] condition as fully developed gemmsd. The ttni- 
cellular pedicel can easily be broken through. The separation of 
the gemmsB, and their ejection from the cups, results from the 
strongly-swelling mucus, which is developed from the unicellular 
club-like papillae at the bottom of the cup. Each of the two 
lateral indentations of the gemma conceals a growing point, pro- 
tected by short papillae. The cells of the gemma are rich in 
chlorophyll, but on both sides large cells, devoid of chlorophyll, 
occur, which keep near the middle, but otherwise are irregularly 
scattered. At the edge, individual cells contain oil-bodies. After 
the dissemination of the gemmae, the large cells, devoid of chloro- 
phyll, develop in one or two days into hair-roots [rhizoids], in all 
cases on the shaded side of the gemma only [hence becoming the 
ventral side], while the side exposed to the light fonns morpho- 
logically the upper [or dorsal] side.^ 




[Fig. 93*.— 4f portion of a thallos of Marchantia polymorpha (f), with the upright malte 
receplacle (hu), bearing antheridia. B, portion of a thallus wiUi a receptacle containing 
gemmcB ; v v, growing points of the two branches of the thallas. (From Frantl, after Sachs.)] 

The sexual organs of the Marchantiaceae are situated upos^ 
special ^receptacles, which we will examine in Marchantia poly- 
morpha,^ Male and female. receptacles are readily distinguishable; 
the former shield-shaped, with scolloped outline (Fig. 93*, .4), the 
latter radiating like bare umbrella ribs. The two sexes are situated 
upon different plants [the plants are dioecious] ; the receptacles 
and their stalks are metamorphosed branches of the thallus. We 
prepare between elder-pith delicate longitudinal sections through 
the male receptacle, and can demonstrate that its upper side has 
exactly the same structure as the dorsal surface of the thallus, 
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and that in tlie same way the nnder side resembles the ventral 
surface of the thallns, and bears rhizoids and scales. On the 
upper side, however, snnk in special cavities, are the antheridia 
(Fig. 94, A) . On satisfactory sections we can determine that in 
6ach cavity is fonnd only one antheridinm, besides some short, 
unicellular paraphyses {p) ; the cavity closes together above the 
antheridium into a narrow canal. The antheridium is a shortly 
stalked, oval body, with a unilamellar chlorophyll-containing wall. 
The special mother-cells of the spermatozoids [antherozoids] have 
been produced by successive divisions at right angles, and even 
in the almost ripe antheridium still form rectilineally-arranged 
cross and longitudinal rows (compare the Figure). Shortly before 
the ripening of the antheridium, the special mother-cells, rounding 

off, pass out of 
union, the wall of 
the antheridium 
tears at its apex, 
and the small, 
round cells are 
evacuated. If a 
drop of water is 
placed upon a 
fully-developed re- 
ceptacle, the water 
is seen rapidly to 
spread over its 
whole surface, and 
soonbecomes milky. 
If this water is 
now examined with 
a high power, we can see in it innumerable evacuated spermato- 
zoidal cells. They remain at rest only a short time, when the 
cell-membrane swells. Finally it is torn through, and the sper- 
matozoid escapes into the surrounding water. The spermatozoids 
are comparatively very small, have a thread-like body and two 
long cilia; to the posterior end clings a bladder, which is lost 
during the swarming. In order to see them clearly, we run into 
the preparation a drop of 1 per cent. oSmic acid, and as they are 
fixed' beautifully by the reagent, we can now study them con- 
veniently. (Fig. 94, JB.) We can effect the same purpose by the 
addition of a trace of potassium-iodide-iodine solution. 



Fio. 01.— Afarchantta poZymorp^ia. A, an almost ripe anther- 
idium in optical cross-section; p, paraphyses. B, spermato- 
zoids [antherozoids], fixed with 1 per cent, snperosmic acid 
Ux90, Bx600). 
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The female receptacle forms, like the male, a radially-spreading 
inflorescence, and in general there are nine rays, and between these 
are eight rows of archegonia on the under side of the receptacle. 
The distinction from the male receptacles is striking, in that here 
the sexual organs stand upon the under side ; but this phenomenon 
is connected with an early displacement of the growing point to- 
wards the under side of the receptacle. Under the simple micro- 
scope we can demonstrate that each row of archegonia, lying 
between two rays, is enclosed in a common, veil-like covering, 
fringed at its edges. We prepare, between thumb and forefinger, 
delicate longitudinal sections through a comparatively young 
receptacle, and upon some of these sections find, without difficulty, 
the female sexual organs, the archegonia. The oldest lie nearest 
the edge, the younger progressively nearer the stalk. The first 
ripening archegonia show alongside the edge of the disk with their 
neck curved outwards, the succeeding ones hang straight down- 
wards. In an approximately ripe archegonium (Fig. 95, A) we 
can distinguish a short stalk, a ventral portion [the body], and a 
neck. The wall of the body, as of the stalk, is unilamellar. The 
central-cell of the body is filled by the egg [-cell, or oosphere], 
and the ventral canal-cell (k") cut off from it" shortly before 
ripening. In the egg [-cell] the nucleus is readily visible. The 
neck is traversed by the neck- canal, which is composed of a series 
of neck canal- cells, the walls between which are dissolved, and the 
disorganized contents of the four neck canal-cells are thus fused 
into a connected string. Between the archegonia, numerous small, 
leaf-like scales of the receptacle can be seen to arise. In many 
preparations we have in view the unilamellar veil-like covering, 
fringed at its edges, which protects the entire row of archegonia. 
Numerous cells of this contain oil-bodies. 

It is comparatively easy to see the opening of the archegonium 
directly under the microscope. We take quickly longitudinal 
sections through a female inflorescence, which has not yet raised 
itself, or only a little, upon its stalk, lay it dry under a cover- 
glass, and examine it under the microscope. When we appear to 
have found a ripe archegonium, and while still observing, we place 
a drop of water at the edge of the cover-glass. After the entrance 
of this, the archegonium opens almost immediately. The cause of 
the opening lies in the strong swelling of the contents of the neck- 
canal. The neck-cells separate from one another at the apex of 
the neck. The contents of the neck canal-cells pass out, then 
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the contents. of the ventral canal-eel] follow. The homogeneous 
portion of these contents is formed of a strongly-swelling slime, 
which difEnses in the surrounding water; the granxQar contents 
remain in the surrounding water, where they are slowly disorgan- 
ized. Immediately after the ejection of the ventral canal-cell, the 
egg-cell in the central part of the body rounds off (Fig. 95, B). 
At its anterior margin [i.e., that in apposition to the canal], a 
clearer spot, the receptive-spot, is often, though not always, to 

be distingaished. 
Moreover, the 
penetration of the 
spermatozoids in- 
to the neck-canal 
can in this plant 
be easily ob- 
served. For this 
purpose, instead 
of pure water, we 
add to the pre- 
paration a drop 
which has pre- 
viously lain on a 
male receptacle. 
The spermato- 
zoids quickly col- 
lect in the slime 
expelled from an 
archegonium; we 
see them enter the 
neck, where they 
become invisible. 
A substance is 
given off from 
the archegonium, 
which acts as a chemical stimulus, and determines their direction of 
movement. Thus they get into the slime given off from the arche- 
gonium, in which they slowly move in the direction of the opening 
of the neck. It is interesting to prove that in an unfertilized arche- 
gonium the neck does not close, and under such conditions the 
archegonium slowly decomposes. If, on the other hand, water, 
containing spermatozoids is added to the preparation, and the 



Fig. 9ti.—Marchantid polymorpiuu A, young; B, opened 
arcbegoniam ; C, fertilized archegonimn after the commence- 
ment of the formation of the embryo. V, neck canal-cells; 
fc", ventral canal-cell j o, egg [-cell] ; pr, periantbium ( x 640). 
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egg-cell becomes fertilized, tlie neck closes, even after a few 
hours, by means of a contraction proceeding from above down- 
wards. Keep the preparation, and after twenty-four hours the 
presence of a cellulose membrane around the fertilized egg 
[oospore] is easy to recognise. In the course of the next few 
days the thickness of this cellulose wall still increases. 

The fertilized archegonia, which we may meet with upon the 
longitudinal section, show a shrivelled and brown neck, while the 
egg [oospore] has divided (Fig. 95, 0). Around the base of the 
archegonium, from its foot, a cup- shaped sheath, the so-called 
perianthinm (pr) begins to develop. This soon encloses the entire 
swollen archegonium. Upon longitudinal sections of receptacles, 
which have already spread out their radiating ribs, we see the 
bright green, swollen archegonia, with base broadened to corre- 
spond, situated upon the surface of the receptacle, and decorated 
at the apex by the remnant of the neck. — From the fertilized egg 
gradually proceeds the sporogonium, which we ultimately see in 
longitudinal sections, prepared from still older receptacles. The 
sporogone consists in a shortly-stalked, oval, yellowish-green 
capsule. The wall of this capsule is unilamellar ; if we spread 
it out with needles, and examine it with stronger magnification, 
the characteristic thickening rings in the otherwise thin-walled 
cells will appear. The yellow-walled spores are finely pitted. 
Between them lie narrow, long cells, tapering at both ends, and 
distinguished each by two brown spiral bands on its wall ; these are 
the elaters. The interior of the capsule is filled exclusively with 
spores and elaters. In capsules already opened (dehisced), we 
can see that this opening takes place by means of a number of 
recxirved teeth. The elaters are strongly hygroscopic, bend to 
and fro with changes in moisture of the atmosphere, and so assist 
the dissemination of the spores. — The sexual organs are not raised 
upon special receptacles in all the Marchantiaceae, and in other 
Jjiverworts this appearance is altogether wanting. . On the other 
hand, the stalk of the sporogonium in many cases elongates con- 
siderably, and carries up the capsule with the spores, which 
assists the dissemination of the spores. 

The antheridia of the leaf -bearing Mosses are best examined in 
a genus which has striking male " flowers." We choose a repre- 
sentative of the genus Mnium, to wit the widely- distributed Mnium 
homvm, which in May [and June] "flowers" very freely, and 
bears female " flowers " and sporogonia at the same time. The 


278 REPRODUCTION OP 

male flowers are, it is true, mncli more striking than the female, 
and it is often necessary to search longer for these latter. The 
male flowers are dairk-green, disk-shaped, surrounded by a rosette 
of leaves, the so-called pericbsBtium or perigoninm. Towards the 
interior of the flower these leaves decrease rapidly in size. In 
the axils of the outer, but chiefly, however, of the inner, perichastial 
leaves, stand numerous antheridia, and paraphyses, which, more- 
over, spread over the entire apex of the axis. This is easily shown 
by median longitudinal sections of the flower, which are best pre- 
pared between the fingers, turning the apex downwards in cutting. 
On these longitudinal sections we see that the flower-axis broadens, 
after the fashion of a floral receptacle, at the place of insertion 
of the sexual organs, and in the middle is even a little hollowed. 
The central conducting bundle, peculiar to species of Mnium, has 
undergone a corresponding broadening, and ends in a chlorophyll- 
containing tissue, which spreads out under the receptacle. The 
antheridia and the paraphyses are at once recognised as such, 
and their structure easy to understand [see Fig. 95a]. The 
antheridia are club-shaped, shortly stalked bodies, somewhat 
tapering at both ends. The cells of their wall contain numerous 
chlorophyll-grains. Where the longitudinal section has opened 
an antheridium, we see that its wall is composed' of a single layer 
of cells. The contents [of the antheridium] consist of small, 
colourless cells, the partition walls of which in young stages of 
development clearly show rectangular arrangement. The ex- 
truded contents of older antheridia opened by the section prove 
to be composed of rounded cells, still " glued " together, the 
mother-cells of the spermatozoids, in which the thread-like body 
of the spermatozoid is already often recognisable. The chlorophyll- 
grains at the apex of ripening antheridia assume a somewhat 
brownish tone. Emptied antheridia are open at their apex. The 
paraphyses are simple cell-rows, the cells of which gradually 
enlarge upwards, when they are, however, at least the uppermost, 
again tapering ; hence the uppermost cell is always pointed. The 
walls of the cells are often browned in the lower part of, and not 
infrequently even higher up upon, the paraphyses ; they contain 
chlorophyll. Cross-sections through the lower part of the flower 
show in an instructive manner the distribution of the antheridia, 
their relations with the pericheetial leaves and the paraphyses, 
and also provide us with numerous cross-sections through the 
antheridia. 
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Still more striking than the male flowers of Mnium are the 
i^d-coloared ones of species of Polytrichum, likewise found in May 
[and Jnne]. For examination we choose Polytrichum juniperinum. 
The outer leaves forming the perichaetium, beyond their colour, 
differ from the ordinary leaves also, in that their unilamellar 
sheathing portion is continued up to the apex of the leaf. The 
green lamellcBy* characteristic of the genus Polytrichumy are found 
only towards the end or apical portion of the leaf, and almost always 
confined only to the midrib. On the rapidly-decreasing reddish- 
brown perichsBtial leaves, near the interior 
of the flower, the green lamellsB are de- 
veloped only on the outermost, sharply out- 
ward-bent points. The leaf thus appears 
ultimately reduced almost to its sheath- 
portion alone. The antheridia and para- 
physes stand in the axils of the perichsdtial 
leaves. The middle of the flower is, how- 
ever, occupied by a vegetative bud, into 
which the central string of the stem is 
continued. Thence comes the later growth 
through the male flowers [proliferation], 
which is normal .for Polytrichum, The 
antheridia have the same structure as in 
Mnium. The paraphyses, forming in their 
lower part a long cell-row, usually broaden 
at their tip into a spathulate unilamellar 
cell-surface. If a male flower of Polytri- 
chum is squeezed somewhat between the 
fingers, the contents of the antheridia 
come out as a milky slime, clearly visible 
against the reddish ground. 

[The form of the antheridium of Mosses 
varies very little, and the accompanying 
Fig. 95a of that of a moss especially com- 
mon upon shaded cinder-paths and other 
places where the substratum has been burnt. 



[Pio. 06a.— J^naWa Jiygro- 
metrioa. A, an antheridium 
bursting; the body of the 
antheridium shows its wall 
of cells containing chloro- 
phyll-grains; a, the anther- 
ozoids (spermatOEoids) (x 
350). B, the spermatozoids 
more strongly magnified; 
b, in the mother-cell ; c, free 
antherozoid of Folytrichum. 
( X 800 ). From Prantl.] 


• The leaves of Polytrichtinit though really unilamellar, like those of other 
mosses, are rendered opaque by being more or less covered by vertical green 
scales, or lamellfiB, produced upon their upper side. In P, juniperinum, each foliage 
leaf shows about forty- eight such lamellsB, running, as usual, longitudinally, 
and from 4 to 6 cells long. [Eo.] 
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as well as on old walls, viz. FuTiarta hy^romfitricctf will serve to 
illustrate it.] 

The female flowers of Mnium homum, however, are throughout 
not so visihle as the male, and it is often necessary to seek for 
them longer. The plants bearing them are far shorter than the 
male, and somewhat darker in foliage. The upper leaves close to- 
gether, after the fashion of a bad, in order to protect the female 
sexual organs, the archegonia. As is shown by median longi- 
tudinal sections, the apex of the flowering axis is not broadened to 
any extent, but greatly blunted, and from this we *can at once 
assume that we have to do with a female flower, even if we do 
not happen at once to find the archegonia. The central con- 
ducting bundle of the stem is somewhat swollen under the recep- 
tacle, and ends, just as under the male flower, in a chlorophyll- 
containing tissue. The modified leaves which form the female 
perigynium (equivalent to male perichsBtium, or, if surrounding 
hermaphrodite flowers, the perigamium), while remaining leaf-like, 
decrease in size towards the middle of the flower ; the apex of the 
flower is occupied by only a few archegonia, so that it is necessary 
to take strictly median sections in order to disclose the archegonia. 
The archegonia are constructed essentially like those of the Liver- 
worts [see Fig. 95b], but the foot-portion is far more strongly 
developed, only tapering a little downwards, and forms the greater 
part of the lower half of the archegonium. On these grounds the 
egg [-cell, or oosphere] appears comparatively small. We must 
look for it close under the commencement of the neck, which here 
appears only a little narrower than the ventral portion. The 
chlorophyll contents of the cells make the archegonium anything 
but transparent, and hence the oosphere and the canal-cells of the 
neck usually need addition of potash to make them visible. In 
the axils of the perigynial leaves stand numerous paraphyses. 
Each consists of a row of short cells, swelling somewhat upwards. 
The lowermost cells of these paraphyses have often become brown. 

[To illustrate the general structure of the archegonium of the 
mosses, I here introduce Fig. 95b, showing its form and relations 
with the perich89tium in Funcuria hygrometrica.'] 

[Fertilization in the Mosses takes place in all essentials aa 
in the Liverworts, already described.] The sporogonium, the 
so-called " moss-fruit," the study of which we will carry on upon 
the same Mnium homtmi, consists of stalk or seta, and capSuleV 
The base of the seta is sunk in the tissue of the mother-plant. 
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[The result of fertilization is here, therefore, somewhat different 
to that in the Liverworts, and needs a few words of explanation, 
further illustrated by Fig. 95c. After fertilization, the oospore 
develops into an embryo, an early stage of which is shown in Fig. 
95c, A, This embryo develops in length both upwards and down- 



[Fia. 95b.— Fitnaria hygrometnea. A, 
1 )ngitadinal section of the summit of a 
weak female plant ( x 100) ; a, archegonia ; 
h, leaves. B, an archegonimn (x 660), 
ventral portion with the oosphere; h, 
neck ; m, month still closed ; the cells of 
the axial row are beginning to be con- 
verted into mncilage. C, the part near 
the month of the neck of a fertilized 
archegoninm, with dark-red cell-wallsj. 
(From Prantl, after Sachs.)] 



[Fio. 95c.— il, origin of the sporogoninm 
(//) in the ventral portion, (b b) of the arche- 
goninm, seen in longitudinal section (x 600). 
B, C, different fhrther stages of development 
of the sporogonium (/), and of the calyptra 
(c) ; K, neck of the archegonium (x about 4A), 
(From Prantl.)] 


wards ; downwards it grows into a foot which, as the base of the 
seta, passes through the tissue of the foot or stalk of the archego- 
nium, and plunges into that of the apex of the moss-stem. (See 
Fig. 95c, B and C), Upwardly, the embryo develops into the 
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capsule, to be hereafter described. The seta remains for a long 
time short. Accompanying the increase in length, and likewise 
in thickness, of the yonng sporogoninm, the body of the arche- 
goninm, which had enclosed the oosphere, also nndergoes farther 
development, keeping pace with the sporogoninm in its growth, 
so as continuously to cover it. The upper part of the neck shrivels, 
as shown in Fig. 95c, B and (7, at the top. When, later in the 
development of the sporogoninm, the seta rapidly elongates, the 
body of the archegonium, etc., is ruptured round its base, and is 
carried upwards, covering the capsule as with a cap, — the calyptra.] 
This calyptra, proceeding from the enlarged archegonium, which 
covers the growing capsule, is in Mnium early cast off, so that it 
is usually difficult to find. It is split up one side to its narrowed 
apex, and is composed of one, and in part also two layers of 
elongated cells. The narrowed apex ends in a brown point, which 
indicates the neck of the archegonium. At the base, where it was 
ruptured by the growing sporogone, it appears as if cut off. The 
apex of the capsule, denuded of its calyptra, has a cover or lid 
[operculum] provided with a short beak. With a needle it can 
be easily loosed, when the edge of the capsular urn, fringed with 
its teeth, comes to view. The teeth form the peristome [the form 
of which is an important feature in the delimitation of genera, as 
it is characteristic in each group]. The upper part of the seta, 
passing into the capsule, is called the apophysis. In the present 
case this last is separated from the capsule by a very slight con- 
striction, and is distinguished from it by its brown colour. In 
some mosses, the apophysis is far wider than the capsule. 

In order next to learn the structure of the peristome, we take a 
cross-section through the capsule, close under the brim of the 
urn, lift it up, and place it, with the teeth turned upwards, upon 
an object-slide. We remove the mirror from the microscope [or 
turn the diaphragm so that no aperture lies under] and observe 
the object with direct light. In this we need use only a low 
power. We can decide that the teeth are inserted in the inner 
biim, that they are wedge-shaped, and cross striate. If we 
breathe lightly on the object while still looking at it, we shall see 
the teeth curve together inwards. They are hygroscopic ; in damp 
weather they bend inwards, and so close the open capsule, while 
in dry weather they bend outwards, and again open the capsule. 
We count sixteen teeth on the urn. We now lay the same section 
in a drop of water, and, tearing it through on one side with the 


SFOBOOONE OF MOSSES. 283 

needles, spread it out flat, cover it with a cover-glass, and observe 
it by transmitted light, and first from its outer side. We then 
notice, quite at th© edge of the um, a double layer of obliquely- 
arranged cells, papillately prolonged, pretty strongly thickened, 
and containing abundant chlorophyll-grains. These cells have 
colourless walls, browned only at their very base, and there they 
are very easily disconnected from the edge of the um, remaining, 
however, connected together. By means of these cellsj the separa- 
tion of the operculum (lid) is effected ; they form the so-called 
annulus at the rim of the capsule. Now laying it with the inner 
side upwards, the preparation shows us that the cross-strise already 
noticed on the teeth are ridges projecting from their inner surface. 
Besides the outer peristome formed by the teeth, an inner one is 
also present ; it consists of the so-called cilia. Mnium homum has, 
therefore, a double peristome, while there are Mosses with only 
one, and also without any such peristome. The cilia, like the 
teeth, are here flat lamellae, which in their lower part appear 
divided into chambers, and in their upper part cross-striate, by 
slight projecting ridges on their inner surface. In the lower part 
they are fused together into a continuous membrane, which, between 
each pair of teeth of the outer peristome, is a little bulged. Two 
cilia stand between each pair of teeth, and present themselves 
obliquely from the comer. Their edges, the outer in their entire 
height, the inner only in the upper part, are fringed with small 
serrate projections. In these the cross-ridges of the surface of the 
cilia end. Through these serrations the pair of cilia in their 
upper part are combined by the outer edge, and finally the two 
fuse into a single narrow, elongated apex. With these pairs of 
cilia alternate very small ones, which, from three to five in number, 
stand in front of the teeth of the outer peristome. A delicate 
cross-section, taken somewhat deeper through the capsule, shows in 
the interior of this the column formed of large-celled tissue, the 
columella. Around this columella lies the cavity filled with 
spores. The inner wall of this is formed by the columella itself, 
the outer by a layer of tissue, usually two cells thick, and contain- 
ing chlorophyll, which appears separated from the wall of the 
capsule by a very loose chlorophyll-containing tissue. The wall 
of the capsule consists of two or three layers, and is covered by 
a sharply- defined epidermis. The cells of this latter are more 
strongly thickened on their outer walls. The spores contain 
chlorophyll-grains, their wall is brownish, and studded with fine 
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warts ; in favourable cases a three-sided pyramidal tapering of one 
side of the spore can be noticed. This tapering arises from the 
tetrahedral position of the spores inside their mother- cell ; it in- 
dicates the contact surfaces of its three sister-spores.* — A per- 
fectly median longitudinal section, which we prepare from a 
capsule which is still green, and provided with its lid [operculum] 
but is already fully formed, shows us uppermost the lid, con- 
sisting externally of one sheath of browner, strongly-thickened 
cells, and internally of many layers of thin- walled cells. At the 
limits between lid and urn lies the double layer of the obliquely- 
arranged, chlorophyll-containing cells, already known to us, by 
which the separation of the lid is effected. The brown cells, 
which adjoin the urn below, are distinguished by their small 
height. Similar cells adjoin these small ones towards the interior, 
and form thus an inward projecting ledge of thickened, brown 
cells, on which are set the teeth of the outer peristome. About 
the thickness of a cell removed arise the cilia. As the history of 
their development teaches us, these teeth and cilia arise by local 
thickening of the opposite walls of one and the same layer of cells 
adjoining the inside of the lid. The teeth proceed from definite 
portions of the outer walls, connected in the ascending direction ; 
their cross-ridges indicate inner adjoining cross-walls, upon 
which the thickening has continued for some little distance. The 
cilia proceed from the thickened parts of the inner walls of this 
same layer of cells, and bear slight ridges at the places of junction 
of the next inner partition walls. 

In our median longitudinal section the lid is hollow ; the inner 
tissue, after the formation of the teeth and cilia, has shrivelled up, 
separating from the inner surface of the cilia, which extend to the 
top of the lid. This tissue now forms on the columella only a 
projecting conical knob. The columella is visible in its entire 
length ; similarly we can survey the spore-sac, its outer wall, the 
looser tissue lying between this and the wall of the capsule, and 
lastly this wall. The spore-sac, so long as the lid has not been 
cast off, is closed above by a thin layer of tissue. Later on, it 
opens by the tearing of this layer. At the base of the capsule, 
under the spore-sac, an annular cavity has been formed. The 
apophysis, as is now seen, is provided with stomata, for on well- 
nigh every median longitudinal section, such will be cut. They lie 

* The contents of the spore mother-cell divide into four, which are situated 
as if at the four comers of a tetrahedron. [Ed.] 
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below the level of the epidermis ; a pit leads down to each ; an 
air-chamber adjoins it internally. It is surrounded by chlorophyll, 
containing tissue, the intercellular spaces of which communicate 
with the annular cavity under the spore-sac, and with the inter- 
cellular spaces of the entire chlorophyll-containing tissue separ- 
ating the wall of the capsule from the spore-sac. All the stomata 
are cut in the direction of their length, and give figures which, so 
far as can here be determined, agree with those of the Vascular 
Cryptogams, and of Phanerogams. This latter is so much the 
more striking since the apophysis (or, in other cases, the wall of 
the capsule as well) is the only place in mosses where true stomata, 
constructed after the type of the higher plants, are borne. — In 




[Fio. 95s. Mouth of the capsule 
of Fontvnalia ontipyrefica, the oper- 
culum having fallen off. ap, outer 
peristome of teeth ; ip, inner peri, 
stome of cilia (x 64). (From 
Prantl.)] 


[Fig. 95d.— Funaria hygrometHca, A^ a young leaf-bearing plant (g), with the calyptra 
(c). B, a plant (g) with nearly ripe sporogonium; s, its seta; J, the capsule; o, the 
calyptra. 0, longitudinal section of the capsule bisecting it symmetrically ; d, the 
operculum ; a, the annulus ; p, the peristome ; c, c, the columella ; Tt, the air-cavity (which 
here extends around as well as below the spore-sac) ; a, the spore-layer, consisting of the 
primary mother-cells of the spores ( x about 20), (From Prantl.)] 

order to complete the impression we have obtained, let us now 
examine sections of the surface of the capsule and of the apophysis. 
We can decide that on the surface of the capsule, stomata are 
wanting ; between the brown- walled cells of the apophysis we see, 
however, pits which lead up to the stomata. If we turn the sec- 
tion over, and examine it from the inner side, we can in favourable 
cases distinguish the two guard- cells of the stomata, formed as in 
higher plants. Upon such sections we can at the same time deter- 
mine that the green cells between the wall of the capsule and the 
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spore-sac are joined together in longitudinal direction, that they 
are branched, and have all the aspect of algal threads. Moreover, 
on cross-sections through the apophysis stomata have usually been 
cut, the two guard-cells of which are not difficult to see. At the 
seta, the differentiation of the epidermis ceases ; its surface is oc- 
cupied by two or three layers of yellow to reddish-brown strongly- 
thickened cells, the cavities (lumina) of which, passing inwardly, 
become gradually larger. In the interior of the seta a central 
conducting bundle is differentiated. Median longitudinal sections 
taken, near the apophysis show that these relations, beginning 
close to this region, are stamped upon the seta quite gradually. 

[The accompanying Figures 95d and 95b will serve to render 
more easy the comprehension of the foregoing description of the 
structure of the capsule in the mosses. It should be noted that 
the author's descriptions are confined to the Bryacese, just as in 
the Liverworts they were confined to the Marchantiaceae.] 
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2 Compare, A. Zimmermann, Veber die Einwirkung des Lichtes auf den Mar- 
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Goebel, Z.c; Strasburger, Jahrb.f, wiss, Botanik, VII., p. 409, and Befruchtung 
und Zelltheiluvg, 1877, p. 12. 
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CHAPTER XXVI. 
THE BBPBODUCTION OP THE VASCULAR CRYPTOGAMS. 

Matebial Wanted. 

Fertile fronds of Scolopendrium vulgare, the Hart's-tongue fern. 

Fresh. (Alcohol material in part answers.) 
The same of the Male Fern {Aspidium FUix-maa), 
The same of the common Polypody (Polypodium vulgare). 
Fresh spores of Ceratopteria thalictroidee, 
Prothallia of Polypodium vulgcure. Fresh. 
Fructifying plant of Selaginella Martendi, Fresh, or dried. 

The sporangia of Ferns stand, with few exceptions, on the under 
side of the leaves. They tisnally form groups, which are called 
80ri The whole sorus is commonly covered by a strong outgrowth 
of the leaf, the indusiiun. The indusium can be very variously 
developed. If the edge of the leaf turns over the sorus, we speak 
of it as a false indusinm. — As an example for investigation, we 
select [the common Hart's-tongue fern] Scolopendrium vulgare. The 
leaf is traversed by a strong midrib, from which arise weak 
lateral veins, only slightly inclined forwards. In the upper half 
[or along the greater part of the length] of the fertile leaf the 
son are formed. They retain the same direction with the lateral 
veins. Externally they appear more or less completely covered 
by two [at first] overlapping lip-like indusia, which later [are more 
widely separated and] spread open. It is only necessary to prepare 
a delicate cross-sectioii of a piece of a fertile leaf. For this 
purpose we select a leaf on which the sori are already brown, but 
the edges of the indusium have not yet spread open. We cut 
with the scissors a narrow strip out of the leaf, parallel with the 
sorus, clamp this strip between pieces of elder-pith [or pack 
several such strips together, one behind the other, in which case 
no elder-pith is needed], and take delicate cross-sections through 
them. The cross-section (Fig. 96, A) through the tissue of the 
leaf ahows us an epidermis on the upper and under side, and a 
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spongy-parenchyma, the cells of which lie more densely together 
under the upper epidermis. [There is no palisade layer.] The 
apparently simple linear sori now appear divided into two. These 
stand right and left, inclined to one another [each in the angle 
between the leaf -surf ace and an indusium], and each close over 
a fibro-yasal bundle. The surface of the leaf at the places inT 
question is hollowed into a furrow, and between the two sori rises 



Fie. 06.— Scolop«ndrtum vulgare. A, cross-seotion through the fertile part of the leaf; 
i, indusiam ; sg, sporangiom. B^E, sporangia; B and £, seen from the flanks; D, from 
the dorsal side ; C, from the ventral side ; F, a spore, (ii, x 60; B-E, x 146 ; F, x 640.) 

into a ridge. The epidermis at the base of the furrow, studded 
with sporangia, impinges immediately upon the bundle-sheath. 
The epidermis of the under side of the leaf, and of the furrows, 
unite in order to pass over into the indusium (t). This begins, 
therefore, with a double layer of cells, which quickly passes over 
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into a single one« This layer of cells has the stmcinre of the 
neighbonring epidermis, except that it is wanting in stomata and 
chlorophyll-grains. Yet it contains smaller colourless chromato- 
phores. From the base of the furrow arise the sporangia (sg) ; they 
can be seen in different stages of development ; each derives its 
origin from a single epidermal cell. Even with weak magnifi- 
cation (Fig. 96, A) we can distinguish in each sporangium a stalk 
and a capsule, aad on older a yellow-brown ring [the annulns] can 
be noticed on the capsnle. — 'For fxuH/her study we make use of 
somewhat stronger magnification (Fig. 96, B). The stalk passes 
over from a single to a double row of cells. The capsule has a 
unilamellar wall of cells. As is shown by different views of the 
wall of the capsule (B-E) the annulus is composed of a row of 
cells, of this capsule- wall, which project outwards. These cells 
form a row, which, commencing at the stalk, passes over the apex, 
and down the opposite side, and, flattening and becoming broader, 
dies away without again reaching the stalk. The inner and 
tranverse walls of the cells of the ring are strongly thickened and 
browned ; the thickening decreases in the transverse walls in the 
direction of the outer surface. The sporangium opens between 
the broad cells in which' the ring ends (Fig. 96, (7, E) ; the one 
half of these broad cells then lies on the one, the other half on 
the opposite side of the fissure. The cause of the rupture lies in 
the ring, which in drying tends to diminish its curvature. The 
brown wall of the ripe spore shows a beautiful structure (Fig. F), 
It is covered on its outer surface with a network of cockscomb- 
like projections. — In Aspidium Filix-mcLS [the " male Fern "] we 
find indusia, in shape between a heart and a kidney, which with 
age become leaden-coloured, and finally brownish, shrivel some- 
what, and no longer completely cover the dark-brown sari. The 
sporangia have almost the same structure as those of Sealopendritum. 
Upon some of them we see a short glandular hair, ending in a 
unicellular head, arise from the stalk. The sporangia are 
attached to a cushion-like prominence, a placenta, which lies over 
a fibre- vasal bundle. To these latter adjoin reticulately thickened 
trachejdes, which are distributed in the placenta. At its apex 
the placenta bears the indusium, inserted by being curved down 
into the form of a stalk. — ^If we take a preparation in water which 
includes sporangia that are ripe, but still closed, and nm in from 
the edge of the cover-glass a water-withdrawing medium, best 
glycerine, the sporangia slowly open before our eyes. The 
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anniiliis nltimately becomes strongly concave. Then follows, 
with a jerk, an opposite movement, which more or less completely 
closes the sporanginm. The entire phenomenon can in lessened 
degree be repeated once or several times. Carefol observation 
^hows that dnring the dehiscence the enter walls of the annnlns 
project strongly into their cells. The closing movement tallies 
with the peculiar phenomenon that in the cells of the annulns, at 
the maximum of loss of sap, gas is separated out from the cell-sap. 
If gas has not come out in every cell, the outward curvature still 
continues, in those in which this has not happened, which occasions 
the secondary movements of dehiscence. K now the glycerine is 
replaced by water, the gas filling the cell-cavities runs together 
into one gas-bubble in each, which decreases in size and at length 
disappears, while the sporangium almost completely closes. With 
renewed addition of glycerine, the reverse phenomenon can again 
be produced. — It may be of interest to us also to turn our 
attention to the naked sori of Polypodium vulgare [the common 
Polypody fern] . The sori are entirely without indusiie^ and each 
one lies over the end of a fibre- vasal bundle. The placenta scarcely 
projects above the surface of the leaf. The sporangia are con- 
structed upon the same type as in the foregoing species. 

We select the Ferns likewise for the purpose of studying the 
structure of the sexual organs, and of following the processes of 
fertilization, in the group of Vascular Cryptogams. The pro- 
thallusj which is the first and sexual generation of Ferns, is 
always easy to produce. We obtain them by sowing the spores, 
or else collect fertile prothallia. In this we will confine ourselves 
to the family of Polypodiacese, the most widely-spread, and by 
far the richest in species. For sowing, we take the spores of 
Oeratopteris thalictroides^ cultivated in all botanical gardens, and 
therefore easy to procure. [If this should not be procurable, the 
spores of almost any fern will do equally well.] If on the other 
hand we would collect fertile prothallia, those of any species 
of the Polypodiaceee will serve for examination. To find pro- 
thallia in the open air is attended with considerable difficulty, and 
we shall therefore do well to look for them in plant-houses. On 
damp shaded walls, on the stems of tree-ferns, on flower-pots we 
can almost always find prothallia. On the fibrous peat,' much 
used now in the culture of Orchids, Swmicenia^ etc., and which is 
often permeated by PolypocUum vulga/re, are usually found numer- 
ous prothallia of this fern, which we will here select for closer 
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examination. As in most other Polypodiaceas, the prbthallia of 
the common Polypody fern have the form of small, heart-shaped, 
bright-green leaves, lying on the substratum. We seize a pro- 
thallns of medium size, with the forceps, always taking hold of 
the place where it is attached to the substratum, and lift it away. 
We immerse it in water, in which we move it for some time here 
and there, in order U) wash off the fragments of adhering soil, 
and then lay it, with the ventral side upwards, in a drop of water 
on the object-slide, and examine it under a cover-glass. The 
prothallium, as already noted, is heart-shaped. It consists of 
polygonal cells, containing numerous chlorophyU-bodies. In the 
anterior indentation lies the small-celled meristem of the growing 
point. Only in its central portion is the prothallus multilamellar, 
as can readily be proved by changing the focus. This median 
portion is the so-called CUShioiL. It passes over at the sides into 
the unilamellar thallus, and slopes gradually also towards the base 
of the prothallus. From the after-parts of the prothallus [i.e., those 
furthest from the growing apex] arise the root-hairs or rhizoids ; 
they are especially produced in the median portion of the prothallus. 
They are long, unicellular sacs, which soon become brown. At the 
edge and under side of the prothallus, individual cells, moreover 
grow out into short, almost without exception, unicellular papillad, 
which, like the rhizoids, are cut off by a partition- wall at their 
base. If we have chosen for investigation comparatively young 
prothallia, they are male; if we have taken too old ones, they bear 
exclusively female sexual organs. Between these two are such 
as unite both sexual organs. The sexual organs, like the root-hairs, 
stand only on the ventral side of the prothallus. The male 
sexual organs, Antheridia, are found on the hinder parts of the 
prothallus ; they arise between the root-hairs ; but also further 
beyond these laterally. Their formation proceeds in the direction 
of the apex [aoropetally] . They appear as globular arched 
structures (Fig. 97, -4), which, in a ripe condition, contain smaller 
globular cells in greater number inside a unilamellar wall. On 
the other side [more behind] the ripe antheridia stand those which 
are already emptied, recognisable by the browning of their inner 
walls, and showing a stellate gap in their lid-cell. A full insight 
into the structure of the antheridia is only obtained when we 
examine them in profile. Such profile views are not seldom ob- 
tained in many accidentally-bent parts of the prothallus; we 
obtain them easily, also, if we suitably bend around with needles 


292 


B£PBOD?CTI0N OF FERNS. 


prothallia wHcli are ricli in antheridia. In correct side-views 
(Fig. 97, A) we now readily determine that tlie antheridium is 
seated npon tlie middle of a weakly-arched prothallinm cell (p)j 
and cut ofE from it by a partition membrane. The Tvall [of the 
antheridinm] consists, almost without exception, of two stages of 
lateral cells (1 and 2) and a lid cell (3). The cells of the lower 
stage have a broader cavity than in the npper stage or the lid. 
The side-view of an emptied antheiidium (Fig. 97, B) shows the 
lateral cells very strongly swollen ; they therefore stand out very 
clearly. The cavity of the antheridinm is then correspondingly 
narrowed, the lid-cell pressed flat, and ruptured. If we now turn 
again to the surface-view of the prothallinm, and observe an 

emptied antheridium from above, 
we can determine upon it that the 
lateral cells are without inner seg- 
mentation. Inner partition walls 
are in no way visible, and we come, 
therefore, to the conclusion that the 
wall of the antheridium consists of 
annular cells. Each stage is there- 
fore formed of but one ring- like 
cell. The entire wall of the an- 
theridium consists, therefore, of two 
such superposed ring-like cells, and 
a lid-cell. Annular cells of this 
kind are a rare phenomenon,* but 
constantly recur in the antheridium 
of the PolypodiacesB. — In general 
we should find similarly-constructed 
antheridia on the prothallia of other Polypodiacese. The only 
common departure from the form here rejpresented, is that in 
which the antheridium has a lower, flat stalk-cell, and the side 
wall consists of only one annular cell. — If we have for examina- 
tion prothallia which have not been wetted for a long time, we 
shall not have long to wait for the emptying of individual ripe 
antheridia. The mechanism of the evacuation consists in the 
pressure which the annular lateral cells bring to bear upon the 
contents, besides which a swelling substance is developed between 
the separated internal cells of the antheridium. The lid-cell is 

* Annular cells are likewise met with in some Ferns in connection with the 
development of stomata. [Ed.] 



Fio. 97. — Polyvodium vulyar^. A, 
ripe ; B, emptied antheridium ; p, cell 
of the proUialliu; 1 and 2, lateral 
cells ; 8, lid or, cover cell. A and B 
( X 240 ). 0, a spennatoz<»d in move- 
ment; B, one fixed with iodine sola- 
tion. OandD(x 640). 
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ultimately ruptured, and the contents of the antheridium squeezed 
out, whereon the annular cells increase in size. The contents of 
the antheridium come out in the form of isolated, globular cells, 
the spermatozoidal cells, which first lie resting for a short time 
in the surrounding water. In each cell, even with weak magnifi- 
cation, is to be recognised a coiled thread, the spermatozoid 
[antherozoid], and a central collection of fine granules. The 
walls of these cells dissolve in the sun*ounding water, and even in 
a few seconds individual spermatozoids begin to free themselves. 
This occurs with a jerk, whereby the coils of the body of the 
spermatozoid separate. One spermatozoid after another thus 
escapes. We follow individuals in the surrounding water, and 
notice that. they progress comparatively rapidly, and at the same 
time rotate upon their axis. If a condenser is at our disposal, we 
proceed, by cutting ofE the direct rays of light by means of the 
diaphragm, to obtain a dark field of view. In this dark field the 
spermatozoids swarm about as illuminated objects.* After about 
20 to 30 minutes, the movement slackens, and finally ceases. 
During these last stages of the movement, the form of the 
spermatozoids is not dijQ&cult to recognise. This is more easily 
attained if to the drop of water containing the spermatozoids is 
run in a 10 per cent, clear filtered solution of gum arabic, and so 
the rapidity of their movement is diminished.' The spermatozoid 
(Fig. 97, 0) is composed of a band, rolled after the fashion of a 
corkscrew. The turns at the anterior end are narrow, but towards 
the posterior become broader. The anterior narrow turns bear 
long fine cilia. Between the posterior turns 'lie fine granules, and 
we often recognise a " vesicle " or " float " containing them. By 
the addition of a little potassium-iodide- iodine the spermatozoids 
are very beautifully fixed. 

At the anterior indentation of the prbthallus, we see the female 
sexual organs, the archegoida. Kearest the indentation, they are 
still imperfect ; further in, are ripe but unopened ; finally, dead and 
opened, brown inside. The female sexual organs are very easy to 
distinguish from the male. They project above the surface of the 
prcthallium in the form of short, cylindrical structures, curved 
away from the anterior indentation. This free portion of the 
archegonium is only its neck, whilst the ventral portion is found 
sunk in the tissue of the pro thallium. At the neck we distinguish 

* For further information on this head, see ** Dark field illumination " in any 
handbook on the microscope. [Eo.] 
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a unilamellar wall, formed of four cell-rows, and a central canal, 
the contents of which, in ripe archegonia, appear granular in the 
central portion, and strongly refractive peripherally. This inner 
canal, the neck-canal, broadens upwards like a club. Below it 
passes into the central cell of the archegonium, in which is found 
the oosphere. This last, it is true, is scarcely distinguishable. — ^If 
the prothallia had been allowed to remain dry for several days 
before the commencement of the investigation, we shall probably 
be successful in seeing the opening of an archegonium. We choose 
for continuous observation, an archegonium the contents of the 
canal of which appear strongly refractive. Often the opening 
results almost instantaneously ; often it is necessary to wait some 
time. The opening of the neck is the result of the pressure which 
the strongly-refractive swelling substance of the neck-canal exerts 
upon the wall of the neck. The four cells at the apex of the neck 
suddenly separate from one another, and the contents of the neck- 
canal pour out. The strongly-refractive substance of this difhises 
as a colourless mucilage in the surrounding water, while the 
granular contents are gradually disorganized. The evacuation of 
the contents takes place interruptedly ; first come out the contents 
of the neck-canal, then those of the ventral canal-cell last cut o£E 
from the oosphere. Under specially favourable conditions we may 
now see the entrance of the spermatozoids into the archegonium. 
The chances of this are increased if we have placed with the 
older prothallium, selected for the examination of the archegonia, 
some quite young ones, rich in antheridia. If spermatozoids are 
diffused in the preparation, we see them, so long as the archegonia 
are closed, quietly swimming by them. If on the other hand an 
archegonium has opened, the spermatozoids, from a measurable dis- 
tance round, take the direction of the mouth of the canal, and are 
intercepted by the mucilage. Inside this mucilage their movement 
is slackened, while they retain their original direction ; they enter 
into the neck-canal, and reach the oosphere, into which they are 
taken up. As has been recently determined, here also the secre- 
tion of a substance from the neck of the archegonium takes place, 
which acts as a chemical stimulus on the spermatozoids, and 
determines the direction of their movement.* The specific stimu- 
lant in this case is malic acid, which to the extent of about 0*3 
per cent, is represented in the mass evacuated froni the neck of 
the archegonium. Thus these spermatozoids can be successfully 
enticed into capillary tubes, which are fused at one end, and under 
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the air-pump are injected with a fluid which contains O'Ol to 0*1 
per cent, malic acid, combined witli any base, just the same as 
into the neck of the archegoninm. The spermatozoids of Ferns 
swarm into such capillaries, likewise into large hairs, best of all 
those of the leaves of Seracleum SphondyUum [the Hog- weed, or 
Cow-parsnip], if these are laid, with their ends cut off, in water 
containing spermatozoids.^ For the spermatozoids of the mosses, 
cane-sugar is the specific stimulant, while with Marchantia, an- 
other, not yet determined, substance proceeds from the arche- 
goninm. — It has been experimentally determined^ that a single 
spermatozoid suffices for fertilization ; but usually several penetrate 
into the archegonium, of which, however, only one finds admittance. 
These processes cannot be followed in detail, as the prothallium of 
PolypocUum is too opaque ; they can be seen much better in Cera- 
topteris. We 
can, however, 
state here, that 
the spermato- 
zoids do not 
take their pos- 
terior vesicle 
with them into 
the archego- 
nia, but, so far 
as they arrive 
there with it 
still clinging 
to them, it is 

left in the mucilage in front of the opening. Now and again the 
number of the spermatozoids which arrive is so large that they 
ultimately bore in between one another, and elongating thread- 
like, fill up the entire canal of the archegonium, and still form a 
tuft before its opening. — There still remains one thing, to see the 
archegonia in sections. These must only be cut median, as the 
archegonia are found only on the median line of the prothallus. 
In order to facilitate the cutting, we lay several prothallia, which 
are carefully arranged, one upon another, after we have previously 
removed all grains of sand. We now find the desired structures 
very easily on the sections. The archegonium, as we see (Fig. 98, 
A and B), with its ventral portion sunk in the prothallium, the 
neck being bent. Neck canal-cell (K') and ventral canal-cell 



Pig. 98.—Polyvodium.vulgare. A, unripe Brchegbnium ; K\ neck 
canal-cell; K", ventral canal-cell; o, oosphere; B, ripe opened 
archegonium ( x 240 ). 
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(K") are now distinguisliable ; as also tho oosphere (o), together 
with its nucleas. The ventral portion of the archegonium has 
become covered by a layer of flat cells. In the ripe opened arche- 
gonium (B) a colourless spot, the receptive spot, can often be 
noticed at the apex of the oosphere, at which takes place the 
reception of the spermatozoids. Individual less median sections 
may show us the antheridia also in profile. 

[In order to grow prothallia from spores, as of Ceratopterls 
recommended above, we can sow the spores on a piece of moder- 
ately soft tile, laid in water in a saucer, or upon a flower-pot or 
flower-pot saucer similarly kept constantly moist. In a room it 
may be covered over with a bell-globe. In this way all the early 
stages of development can be well obtained, and it needs only to 
scrape off some of the germinating spores day by day with the 
blade of a pocket-knife, and lay them in water on an object-slide, to 
be able to follow the development. For full-grown prothallia for 
section-cutting, the spores can be well sown on a bed of cocoa-nut 
fibre refuse, flattened down in a large flower-pot saucer, with a 
hole in the bottom, or a seed-pan, and well drained^ kept moist 
until towards the time they are needed for examination. Over- 
head watering, if needed, can be given with a spray such as is 
used for diffusing scent.] 

The Selaginelle» are heterosporous LycopodinesB ; they possess 
two kinds of sporangia and spores, and we will therefore turn our 
attention to them', in order to complete the view we have taken of 
the other Vascular Cryptogams. The SelaginellesB are also known 
as the LigiQatn, because their leaves are provided with a small 
ligule at the base. We will examine more closely the SelagineUa 
Martensii (Sprg.), universally distributed in plant-houses. Fertile 
specimens are easy to recognise by the spikes which they develop 
on the last branches of usually numerous shoots. The vegetative 
body of the plant is spread in one plane ; it bears four rows of 
leaves in pairs, which cross one another obliquely. In each pair 
the upper leaf remains small, the under is considerably larger. 
The two rows of upper leaves on the dorsal surface press against 
the stem with their upper surface. The two rows of under leaves 
on the ventral surface are placed laterally, flatly spread out, with 
their upper surface above. The vegetative body of the plant is 
therefore bilateral and dorsi-ventral ; that is, it admits only one 
plane of symmetry, which divides the body into a right and left 
half, and exhibits a ventral and dorsal surface. The fertile terminal 
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spikes, on the other hand, are qnadrangnlar, provided with fonr 
rows of symmetrically-arranged leaves, directed outwards. — ^We 
next inform onrselves as to the structure of the spike, by pulling 
off one leaf after the other with needles under the simple micro- 
scope, beginning at the base. We see an ovate, somewhat flattened 
sporangium stand in the axil of each leaf. Even in this operation 
we shall have noticed that many sporangia are larger, and show 
projecting bosses. If we open the large, bossed sporangia with the 
needles, four large spores will come into view,- which completely 
filled the sporangium, and arched its wall out locally ; if we open 
a small sporangium, this proves to be filled with numerous small 
spores. The large sporangia are female sporangia (maerosporaiLgia), 
the large spores female spores (macrospores) ; the small sporangia 
and spores are male, and are distinguished as microsporailgia and 
microspores. The small spores are triangularly pointed on one side, 
with reticulate markings, and usually hang together in tetrads. 
The, same relations, increasing in accordance with size, are met 
with on the four macrospores. We see clearly upon them the 
triangular tapering of one side ; in order, on the other hand, to be 
able to distinguish well the refciculately connected ridges on the 
cell-wall, it is desirable to crush the spores. The walls of the 
microspores soon become dark brown, while the macrospores 
remain far clearer. If we examine the leaves, from which we 
have removed the sporangia, we see the ligule arise close under 
the place of insertion of the removed sporangium, as a tongue- 
shaped membrane. A further removal of leaves from the spike 
shows us that the macrosporangia are far scarcer upon it than the 
microsporangia, and always appear preponderatingly on the lower 
parts of the spike. The ripe sporangia dehisce transversely into 
two valves. 

In conclusion, it may be mentioned that the SelaginellesB, in 
drying, preserve so excellently, that we can use softened herbarium 
specimens in order to study the growing point and the origin of 
the sporangia. Sections throagh fresh material, as well as material 
thus softened, can be made very transparent with potash solution. 
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^ Compare Leclero du Sablon, Ann, de$ Sci. Nat, Bot.^ VII. Ser., vol. ii., p. 10, 
1885. 
« Terre fihreuse of the Belgian nurserymen. 

■ Compare Pfeffer, Untera, a, d. Bot, Imt, zu Tubingen, Bd. I., p. 370. 
* The same, p. 860. • The same, p. 410. 

< Strasburger, Jahrb,/, wiss. Botanik., Bd. VII., p. 405. 
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CHAPTER XXVII. 
THE REPROBUCTION OF GYMNOSPEBMS. 

Material Wanted. 

Male flowers of Flnua (e,g,, the Scotch Fir, P. sylvestHs). Best in 
alcohol. March or April. 

Male flowers of the Yew (Taxus haccata). Fresh, or in alcohol. 
March. 

Fertilized ovules of Yew. Fresh, or in alcohol. End of April. 

Young female cones of the Scotch Fir (or other Pinus), Fresh, or 
in alcohol. End of May. 

Cones of the Red Fir {Picea vulgaris, Lk.). Fresh, or best in alco- 
hol. Mid-June. 

Seeds of the same. October. 

Phanerogamic plants fall into the two great divisions of naked 
seeded, or Gymnosperms, and enclosed seeded, or Angiosperms. 
These divisions are especially distinguished by the structure of the 
flower and the processes of fertilization and embryology, which we 
will first examine in the Gynmosperms. We first make ourselves 
acquainted with the structure of the male flower ^ of the Scotch 
Fir (Pinus sylvestris) . This plant flowers in May [or June, according 
to the district] ; but it can be investigated very well in alcohol 
material, which, because too brittle, should be laid, at least one 
day before the commencement of the investigation, in a mixture 
of equal parts of alcohol and glycerine. Material thus prepared 
can be cut much better than if fresh. — ^We first make out that the 
male flowers here stand in large numbers on the lower parts of a 
shoot of the same year. They are arranged according to ay'y 
phyllotaxy, and correspond in their arrangement exactly to the 
condensed shoots, each bearing two needle-leaves, which succeed 
the flowers in interrupted series. The flowers also, like the con- 
densed leafy-shoots, stand in the axils of scale-leaves. Upon the 
stalk of the male-flowers, we find first three decussating pairs of 
bracts. The lowermost pair is placed laterally with regard to the 


MAL£ FLOW£B OF PINUS. 


299 


mother axis, an arrangement whicli is due to the necessities of 
space, and which recurs almost without exception with the first 
pair of leaves of the vegetative buds of Gymnosperms. To the 
bracts of the short flower-stalk succeed the stamens, closely 
crowded, usually arranged in ten vertical rows. The floral axis is 
elongated, fusiform. A single stamen separated and examined 
under the simple microscope appears circular ; its under-side is 
occupied by two longitudinally-inserted poUeiL-sacs, touching one 
another in the middle line ; at its apex running out into a short, 
outwardly-directed border, Median longitudinal sections through 



Fio. Qit— Pinus Pumilts, resembling P. sylveatris, D, from P. Bylveatris. J, longita- 
dinal seotion through a nearly ripe male flower ( x 10 ). B, longitudinal eection through a 
dingle Btaminal leaf (x 20). C, oross-section through a stamina! leaf (x 27). D, a ripe 
Pollen-grain (x 400). 

the flower, shortly before the dehiscence of the anthers f Fig. 99, A), 
show, > especially after treatment with potash, the course of the 
fibro- vasal bundles in the floral axis, the series of staminal leaves, 
each with a single fibro- vasal bundle, the insertion of the pollen- 
sacs on the staminal leaves. Upon less complete longitudinal 
sections, thinner spots can be readily found, in which the struc- 
ture of the individual staminal leaf (B) is followed still better. 
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"Wo then prepare tangential longitudinal sections through the 
flower, in order to obtain cross-sections of single staminal leaves, 
and pick out such an one for closer study (0). We see that the 
two pollen-sacs adjoin in the middle line, and, when perfect, are 
usually separated only by a flat wall of collapsed cells, in the 
middle of which may be interposed one or more layers of flat starch- 
cOntaining cells. Upon their free outer surface the pollen-sacs 
are covered by the epidermis, to which, towards the interior, 
usually only collapsed cells adjoin ; towards the dorsal .surface of 
the leaf likewise the anther cavities are closed in the same way. 
In the median line of the staminal leaf, above and below the 
partition wall separating the two pollen-sacs, runs a strip of 
mesophyll. The upper is thicker, and is traversed by the very 
delicate fibro-vasal bundle. At the two side-edges of the sta- 
minal leaf, the epidermis projects into a weak or more strongly- 
developed wing ; in the latter case, a little mesophyll can be found 
between the two layers of epidermis (0). On the under side of 
the pollen-sacs the epidermal cells diminish i^ .size from both 
sides ; at the places of weakest development, the pollen sacs open. 
These pollen-sacs closely resemble the sporangia of Lycopodiacese ; 
researches in comparative development have, in fact, led to the 
conception that the pollen-sacs of Phanerogams, ajid the micro- 
sporangia of Cryptogams are homologous structures. — If we look 
now to the pollen-grains developed in the pollen-sacs, where 
possible in the fresh state, we shall note that each of these consists 
of a central body, upon which are placed laterally two vesicles 
(D). If the flower i)5 ripe, the two vesicles appear dark, because 
filled with air. They show delicate markings upon their sur- 
face. The interior of the central, true pollen-grain, contains 
finely gi'anular protoplasm, and a large nucleus. Shortly before 
dehiscence — i.e., before the opening of the pollen-sacs — a division 
takes place in the pollen-grain, by means of a convex partition 
wall (D), which limits a lenticular cell on that side of the pollen- 
grain which is turned away from the place of insertion of the 
vesicles. This cell is best seen when the pollen-grain, as in our 
figure, lies on its side. An exactly similar cell is also cut off from 
the microspores of the heterosporous Lycopodiacees, before the 
commencement of the stages of development which lead to the 
formation of the antherozoidal cells. In both cases alike we can 
distinguish these cells as vegetative cells. The wings (vesicles) of 
the pollen-grain arise, as the story of their development shows, 
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rather late, and by the upheaval of the cuticle, between which on 
the one hand, and the inner thickening layers of the wall on the 
other hand, a watery fluid collects. 

Erom the structure of the male flower of Finns sylvestris exam- 
ined above, the male flower of Taxus haccata (the Yew) differs 
most. This 'flowers somewhere in March, but by means of alcohol 
material we can be independent of time. The male flowers of 
Tagsv^ stand in the axils of leaves . on the previous year's twigs. 
They commence with some decussating pairs of scales, and pass 
over into scales arranged on a -}- phyllotaxy. The scales become 
successively larger, and at length follow, in quite indefinite arrange- 
ment, the shield-shaped staminal leaves upon the elongated axis. 
These, as examination with the lens will at once show, have a by 
no means slight resemblance to the fertile sporangiferous leaves 
of the spikes or cones of Equisetnim, If we remove a staminal 
leaf with the scalpel, and examine it under the simple microscope, 
we shall find from five to seven pollen-sacs inserted on the inner 
side of the shield and its stalk. These are mounted on the shield 
with their base, on the stalk with their inner side. Laterally, to- 
wards one another, they are mostly free, and quite free on their 
outer surface and at their apex. We can fully inform ourselves 
on this point, jf we further bring median and tangential longitu- 
dinal sections to our aid. The former show the staminal leaves 
and pollen-sacs in longitudinal section, the latter in cross-section. 
I^ longitudinal section the whole staminal leaf has a wedge-like 
outline, because the pollen-sacs broaden outwardly. In cross- 
section, as in longitudinal section, we see that the wall of the ripe 
pollen-sac is reduced to the epidermis and a layer of collapsed 
cells. The walls of these epidermal cells are provided with thick- 
ening ridges. So far as the walls of the pollen-sacs will separate 
from the stalk of the staminal leaf, their epidermal cells, as cross- 
sections teach us, show a considerable reduction in size. In order 
to become quite clear as to the kind of thickening of the wall of the 
pollen- sacs, we lift a wall from the staminal leaf with needles, and 
determine that they are U-shaped ridges, with which the inner 
and side- walls of their epidermal cells are thickened. The same 
thickening is present also upon the epidermal cells of the outer 
surface of the shields. The opening of the pollen- sacs is brought 
about by the wall separating from the stalk and stretching straight. 
The pollen-grains are ellipsoidal, studded with small knobs. Short- 
ly before dehiscence, a small cell is cut off from the end of the 
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grain. In alcohol-material tlie contents of the pollen-grain are 
contracted, and unfit for examination. 

The pollen-grains of Tcubus are without vesicular appendages to 
the wall ; these latter are not present in all Abietineas * ; and on 
the other hand are found, in the Taxine®, in Podocarpus. In many 
genera more than one vegetative cell is cut ofE from the contents 
of the pollen-grain, whence arise cell-masses projecting into the 
interior of the pollen-grain. Amongst the Abietineas the genus 
Pinus alone shows a single vegetative cell. 

The female flowers of Taxus haccata ^ are found, like the male, in 
the axils of leaves of the previous year's twigs (Fig. 100, A) ; but 
upon other individuals, as the plant is dioecious. The time of flower- 
ing, as we already know, is in March ; in alcohol the flowers pre- 
serve very well and can be very conveniently jstudied after they have 
been laid for at least twenty-four hours in a mixture of equal parts 
alcohol and glycerine. The flowers apparently terminate a small 
shoot, but are in reality not terminal. Not infrequently two 
flowers are found on the same shoot (Fig. 100, at*); in rare cases 
we even come across monstrosities, which show a leaf -bearing 
shoot developing laterally from the flower (Fig. 100, B). First 
we examine the flower-axis with the lens, and determine that this 
begins with a lateral pair of scales, to which suQceed spirally- 
arranged scales, gradually becoming larger. The flower itself is 
enclosed by three decussating pairs of scales, and only its apex 
shows between them. This apex shows a point-like opening, the 
micropyle. We arrange the shoot in a definite way, in order to 
obtain a median longitudinal section. This must pass through the 
middle of the pair of scales last but one under the flower. We 
select for the examination a somewhat older flower, already 
pollinized, at about the end of April, because they are more 
suitable for cutting, and in many respects also are more instruc- 
tive. If the direction of the section has been properly observed, 
the structure appears as in the adjoining Fig. 100, 0. The flower 
does not appear to be terminal upon the primary shoot ; this on 
the other hand closes its development, after it has formed a 
secondary shoot in the axil of the uppermost scale. It is this latter 
which ends in the flower, after it has previously given rise to three 
decussating pairs of scales. Pressed on one side of the point of 

* AbietineaB, a sub-order of ConiferaB, which includes the well-known genera 
or sub-genera Pinus (the Pines), Abies (the Firs), Pieea (the Spruces), Larix (the 
Larches), Cednu (the Cedars) [En.] 
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insertion of the secondary slioot is the growing point (v) of the 
primary shoot (to the right in the figure). Now and then, the 
last scale but one of the primary shoot also gives rise to a second- 
ary shoot ending in a flower. Rarely, as we have seen i^B), the 
primary shoot further develops into a leaf-bearing axis. The 
pairs of scales which precede the flower are to be considered as its 



Fio. 100.— Tafln»s haeeatct. A, figure of a twig with female flowers at the time of pollina- 
tion, at * two ovules upon the same primary shoot. Nat. size. B, a leaf with an ovale 
standing in its axil; the primary shoot has farther developed laterally [is proliferous]. 
(X 2). C, longitudinal section through the common median plane of the primary and 
secondary shoot; v, growing point of the primary shoot ; a, commencement of the aril; 
e, rudiment of the embryo-sac ; n, nucellus ; i, integument ; m, micropyle ( x 18 ). 


bracteoles ; the flower itself is reduced to an ovule. Such is, for 
example, the terminal structure which we see at the apex of the 
secondary shoot. In the longitudinal section of this we distinguish 
a simple case, the ovular integument (i), which leaves above a 
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narrow opening, the micropyle (m) free, and in the interior the so- 
called nuclens of the ovnle, the nucellus (n). At the base of this, 
only, however, in specially favonrable cases, or after treatment 
with potash, a large cell (e) is to be recognised as the rudimentary 
embryo-sac. ^ As the pollen-sac resembles a microsporangium, in 
the same way the ovule corresponds with a macrosporang^nin; as 
the pollen-grains resemble microspores, so the embryo-sac a 
macrospore. Developmental researches * have disclosed consider- 
able agreements between the initiation of these structures, but 
have at the same time shown that a progressive reduction affects 
the processes which amongst Phanerogamia lead to the development 
of the macrospore. To compare the integument with the in- 
dusium of the Vascular Cryptogams offers, however, no suflScient 
grounds. The integument is a newly-evolved structure on the 
macrosporangium of Phanerogams. Upon the stalk of the ovule 
of Taxus can be seen a small wall of tissue (a), which for a long 
time, even into June, remains stationary ; later, however, begins to 
grow, and forms the bright-red aril, which in autumn surrounds 
the ripe seed. Upon the already poUinized flowers which we have 
taken for investigation, we can see the pollen-grains lying on the 
apex of the nucellus. Each of them has put out a short sac into 
the tissue of the apex of the nucellus. It is the large cell of the 
pollen-grain which grows out into the sac, while the small vegeta- 
tive cell shrivels. The inner wall of the pollen-grain, the intme, 
forms the pollen-tnbe, while the extine, studded with small pro- 
tuberances, which we have already seen upon the ripe pollen- 
grains, is stripped off. The pollen-grains lie in this case upon the 
surface of the papillose nucellar apex ; while with various other 
Taxineee, and their near allies, the nucellar apex is hollowed out ® 
in order to receive the pollen-grains, giving rise to the so-called 
pollen-chamber. If we wish to know the mechanism which 
brings the pollen-grains to the ovule, we must make the observa- 
tion in the open air, during the time of pollination.^ If we 
examine the female flowers at the time when the pollen-grains 
are being emptied from the pollen-sacs, we shall see that each 
flower exudes a small drop of fluid from its micropyle. In this 
drop the pollen-grains, carried by the wind, are caught, and in the 
evening are absorbed at the same time with the drop. 

The Scotch Fir (Pinus sylvestris) will serve as a second^ and at 
the same time extreme, example of the structure of the female 
flower of the ConifersB. The Scotch Fir is moiLCBCious, so that we 
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find male and female flowers upon the same plant. The ovnles 
in the Scotch Fir do hot stand alone, as in the Yew, but are 
developed in cones, in which numerous ovules, inserted upon 
scale-like structures, are found combined. The small cones, either 
singly or several together, occupy the apex of twigs of the same 
age. They stand in the axils of bracts like those of the condensed 
branches, each bearing two needle-leaves, inserted lower down on 
the axis ; their position at the end of the shoot corresponds, how- 
ever, with that of the normal twig-bearing branch. The small 
cones are usually in the receptive state at the end of May, and, 
though small, are recognisable by their brown-red colour. They are 
stalked, and stand erect ; the stalk is covered with brown scales. 
— Here also alcohol-material treated with glycerine can serve for 
the investigation. If we bring a portion removed from the axis 
of the cone with the scalpel under 
the simple microscope, and isolate 
it with needles, we can see (Fig. 
101), that in the axils of delicate 
obovate bracts (6), somewhat 
fringed at their margin, arise scales 
(Jr) of similar form, but fleshy, 
smooth-edged, provided on the in- 
ner side with a central projecting 
rib (c). These are distinguished 
as frait-scales. At the base of the 
fruit- scale, right and left, is found 
on each side of the rib an oyole (s), 
with its micropyle turned below 
and towards the outer side. The 
edge of the integxunent is pro- 
longed at the micropyle into two 
lobes (m), placed right and left. 
Bract and fruit-scale have grown 
together at the base, and are therefore removed together from 
the axis of the cone. The cones of the Abietinees and other 
true cone-bearing Coniferse are conceived to be either single 
flowers or inflorescences, according to the significance which is 
given to the fruit-scale. That is, this is either considered to be 
a flattened, metamorphosed axial shoot [growing in the axis of 
a modified leaf which we have here called the bract], partially 
adnate to the bract ; or as a development of the placenta of a 

X 



Fig. 101. — PiniM sylvtfstns. Fruit- 
scale / with its two ovules «, and the 
central rib c. Behind is the bract l>< 
Upon the ovnle the integument has 
grown out ipto two prolongations, m 
(x7). 
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carpellary leaf, whicli we have hitherto called the bract. In 
the former case, therefore, we should have a bi-ovular branch in 
the axil of each bract, in the second a bi-ovnlar placenta on the 
upper side of a carpellary leaf. In the former case, the cone 
would therefore be an inflorescence composed of many fertile 
axillary branches ; in the second, the cone would be a single flower 
composed of numerous [open] carpellary leaves. — The remarkable 
structure of the fruit-scale is explained by the machinery for 
pollination,^ which can only be followed upon fresh material at 
the time of pollination. As soon as the male flowers begin to 
free their pollen, we can demonstrate an elongation of the axis 
of the cone, whereby the fruit-scales, together with the bracts 
appertaining to them, are separated. The pollen can now fall 
upon the lifted fruit-scales, slip down them, and, guided by the 
projecting rib, come between the two prolongations of the integu- 
ment. Later on, these prolongations curve inwards, and in this 
way carry the pollen into the micropyle, and to the apex of the 
nucellus. After full pollination the fruit-scales soon close together 
again by their edges, and are glued together by resin. The bracts 
do not further develop, nor does the central rib of the fruit-scale, 
which is of no further use. The red colour of the cone passes 
over into brown, and then into green [when ripe, again becom- 
ing brown], and the cone slowly sinks, and finally takes a pen- 
dant position. 

We will now turn our attention to the further changes which 
take place in the pollinated ovules of the Coniferes.® With the 
structure of the ovule we have already become acquainted in 
Taxus, and have proved that at the time of pollination only the 
first rudiments of the embryo-sac were present. After this a 
further development of the ovule takes place, always variously 
quickly, according to the greater or less time which has to 
separate the periods of pollination and of fertilization. In Taxus, 
fertilization takes place about the middle of June in the same 
year j in the Scotch Fir not until the next year, about thii'teen 
months after pollination. In the Spruce Fir (AhieSy Ficea), 
pollination and fertilization are separated by about six weeks 
only. We will consequently, in what follows, keep to the Spruce 
Fir, because this offers many advantages for the investigation. It 
would lead us too far to follow step by step the enlargement of 
the embryo-sac, the origin of the tissue of the prothallns (endo- 
sperm) and of the sexual organs in its interior, the increase in 
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size and corresponding differentiation of the entire rudimentary 
seed. We will therefore turn at once to the stage in which the 
oospheres are fully formed and in a receptive condition. This 
condition, in the common Red Fir (Picea vulgaris, Lk.), is reached 
about the middle of June, the fertilization is then completed in 
the course of a few days. Either fresh or alcohol material must 
be at command. For this investigation, alcohol material is better 
suited than fresh, as it shows the oosphere fixed. It is, above all, 
recommended not to lay entire cones, but separate fruit-scales, 
in the alcohol. Before cutting the alcohol material, it should be 
transferred, as we have already repeatedly done, to a mixture 
of equal parts alcohol and glycerine for at least twenty-four 
hours. — In beginning the investigation, we first inform ourselves 
as to the appearance of the entire Scale. This is obovate, shows 
below, om. its inner surface, the two rudimentary seeds, also 
already the outlines of the wings, which later on will be separated, 
with the ripe seed, from the inner surface of the fruit-scale. 
On the outer surface of the fruit-scale, and below, can still be 
found the bract now appearing comparatively, very small. The 
ovule to be cut can be easily separated uninjured from the fruit- 
scale with the points of the needles. We prepare longitudinal 
sections of it between thumb and forefinger. Cutting is made 
more difficult by the integument having become comparatively 
hard; therefore we must somewhat modify our method of pre- 
paration. We cut the ovule in two with the scissors at about 
half its height ; we then take the upper half of the ovule, i.e., 
that which contains the apex of the ovule, between the fingers, 
and with the forceps withdraw out of the cut surface the upper 
part of the embryo-sac, together with the nucellus. Through 
these soft parts longitudinal sections can now be readily made. 
Staining reagents are only to be used with great precaution, as 
they stain the entire protoplasm of the oospheres, and can easily 
make them opaque. We first examine the longitudinal section 
of a receptive ovule with a low power. The entire ovule, with 
integument, is cut perpendicularly to its surface of insertion ; it 
is displayed, therefore, in median longitudinal view (Fig. 102). 
We see in it the integ^axnent (i), which develops into the skin 
of the seed, and from half its height is separated from the 
nucellus ; the nucellus, bearing upon its apex pollen-grains, which 
partly are external, and partly lie sunk in its tissue ; or may even 
show pollen-tubes (t), developed from these pollen-grains, which 
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pierce the upper part of the micellns, in order to reach the 
external layer of the embryo-sac ; the embryo-sac (e), of elliptic 
outline, filled with endosperm (or, more correctly, prothalloid 
tissue) ; the archegonia, here known earlier as corpuscula, whose 
ventral portion (a) is easy, but neck more difficult to recognise ; 
in the interior of each archegonium is an oosphere (o), which in 
alcohol material is noticeable from its yellow-brown colour, and 
shows a central large nucleus (n) ; and lastly, under the ovule, 

the commencement of 
y^ the wing («). If we 

prepare a similarly-di- 
rected section through 
a fresh ovule of the 
same age, we shall 
again find the same re- 
lations ; but very com- 
monly the contents of 
the archegonium will 
have run out. If the 
section has laid bare 
individual archegonia, 
without opening them, 
the oospheres will 
appear as yellowish 
frothy masses of proto- 
plasm, in which the cen- 
tral nucleus is scarcely 
distinguishable, or else, 
in the best cases, has 
only the appearance of 
a large central vacuole. 
The oospheres quickly 
suffer under the influ- 
ence of the water taken 
from the neighbour- 
hood; if the section is 
to be kept for a longer time, it is recommended to use as fluid for 
observation white of egg diluted with water, to which, for greater 
durability, a little camphor has been added.' In such preparations 
the neck of the archegonium is not difficult to see. It consists of 
from two to four stages of cells. Under the neck is to be found 



Fio. 102.— Median longitadizuvl section through a 
receptive ovule of Picea vulgaris, Lk. e, Embryo-sac 
filled with endosperm ; a, ventral portion, and c, neck 
of an archegonium ; n, the nucleus of the oosphere ; no, 
the nucellus of the ovule; p, pollen-grains upon and 
in the nuoellar apex ; t, pollen-tubes, traversing the 
nucellus; i, integument; 8,the wing of the seed (x 9). 
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a small cell, which corresponds with the ventral canal-cell of the 
Vascular Cryptogams ; the oosphere divides, in order to form it, 
shortly before it is ripe. The ventral part, or body, of the arche- 
gonium is surrounded by a layer of flattened cells, richer in cell- 
contents, like to the layer which we saw around the body of the 
archegonium in Ferns. — ^In order to inform ourselves as to the 
number and position of the archegonia, we prepare a number of 
successive cross-sections through the upper part of the ovule. 
In this way we show that from three to ^ve archegonia, arranged 
in a circle, stand in the apex of the embryo-sac. Sections which 
have laid bare the apex of the embryo-sac show us the neck of 
the archegonia in apical view as rosettes of six or eight cells. If 
our material has been gathered at the time of fertilization, we 
may be able to follow individual pollen-tubes to an oosphere, and 
find in the lower end 9f individual oospheres [or, as they have 
now been fertilized, oospores] a four-celled rosette, from which 
four connected sacs, or tubes, can be followed into the tissue of 
the prothallus. The four end cells of such sacs produce the 
embryo [the long sacs themselves are the suspensors] . 

The seed ripens in October. It then easily separates, together 
with the wing, from the fruit-scale. The wing is developed on 
the inner side of the seed, between it and the fruit-scale, and 
the seed later falls easily from the wing, leaving behind upon this 
a corresponding hollow. The cells of the skin of the seed are, 
as cross and longitudinal sections readily show, thickened almost 
to the obliteration of thekr cavity, A portion of the tissue of the 
prothallus remains in the seed, as albumen or 'endosperm, densely 
filled with reserve food materials. It forms a sac, enclosing the 
embryo. This sac is open at its micropylar end, and here the 
radicle of the embryo is placed against the displaced remnant of 
the nucellus. The embryo can be easily made out in seeds cut 
in the direction of their length. It looks like a cylinder, gradually 
getting thicker towards the cotyledonary end. In consequence 
of being filled with reserve food-materials it is white, and as 
opaque as the albumen or endosperm of the seed. We prepare 
a median longitudinal section through the seed between the 
fingers, and lay it in carbolic acid diluted with alcohol. The 
figure becomes very beautifully clear, far better than in potash, 
and better even than in chloral hydrate, so that we can follow 
every row of cells. We see (Fig. 103) that the cotyledons (c) do 
not reach quite a third of the whole length of the embryo. At 
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the base between tbem is to be seen the growing point Ipunctum 
vegetationis] of the embryonic stem [the plumule]. The stem 
(canlicle) itself, which is distinguished as the hypocotyledonaiy 
axis, or hypocotyl (i^), passes without clear limitation into the 
root (the radicle). This is for the most part re- 
presented only by a growing apex, which shows 
clearly in the interior of the body of the embryo, 
but is in reality only the apex of the plerome 
(pZ) of the root, while the cell-rows of the cortex 
[periblem] of the hypocotyl pass directly into 
the parabolic layers of the rootcap (cp), a re- 
lation which recurs in all roots of the Gymno- 
sperms, inasmuch as we can see the cell-rows of 
the cortex of the body of the root pass over direct 
into the cell-layers of the root-cap (cf . Thuja, p. 
186) . The root-cap is traversed in the direction 
of its long axis by a distinctly-marked column of 
tabular cells, arranged in straight rows. In the 
hypocotyl the tissue of the pith (m) already 
begins to show, and around this the elongated 
cells of the procambinin ring (op), in which the 
fibro-vasal bundles will make their appearance. 
These cells can be traced, moreover, for a short 
distance along the median section of the cotyle- 
dons (compare the Fig.). Thus in the embryo 
the essential parts of the future plant are already established. 



Fig. 103.— Longi- 
tiidinRl section 

through the ripe 
embryo, c, cotyle- 
dons ; 7i, hypocotyl ; 
pi, growing apex of 
the plerome ; cp, 
root-cap ; cl, its 
central colamn ; m, 
pith; op, procam- 
binm rinflr in the 
hypocotyl (x 10). 
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Goroschankin: On the Corpiueula and fertilization in GymnonpernUf in 'Russian, 
1880. 

* Strasburger, Befr. b, d. Coniferen, p. 8. 
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CHAPTER XXVIII. 
THE ANDRCECIUM OF ANGIOSPERMS. 

Material Wanted. 

Flower-buds of various ages of the Day Lily {Hemerocallls fulva). 

Fresh, or in alcohol. July. Any other large liliaceous flower 

will do— e.g., any Lily, Tulip, Hyacinth — thus providing fresh 

material for various times in the year. 
The same of Tradp.scantia virginica (July), or of a Leucojum. 
Flower-buds, ready to open, of the Evening Primrose (CEnothera 

biennis), Epilobium, or Fuchsia, Fresh. 
Flowers of Hollyhock or Mallow (July), any Curcurbit, Calluna 

vulgaris (the Ling), or other heath. Azalea, or BJiododendron. 

Fresh, or in alcohol. 
Quite freshly-opened flowers of Sweet Pea, Paeony, or Everlasting 

Pea. Fresh. 

The male sexual organs of an Angiospermons flower form col- 
lectively the androedum. The individual stamen^ consists of a 
usually thread-like stalk, the filament, and the anther. This last 
is formed of two longitudinal halves [or anther-lobes], which are 
separated by the upper part of the filament, the so-called con- 
nective. It is desirable, however, to include the connective with 
the anther. In the tissue of each anther-lobe are usually im- 
mersed two compartments, or pollen- sacs. Each compartment 
corresponds with a microsporangium. — We first inform ourselves 
abou,t the stamen of some one of the large-flowered Liliaceas ; for 
example, Hemerocallis fulva [a hardy herbaceous perennial], very 
widely cultivated in gardens [or any of the still more universally 
cultivated white or tiger Lilies, Tulip, Crown Imperial, etc., will 
do equally well]. The yellow filament is here very long, becomes 
thinner towards its upper end, and tapers very sharply at the 
place of insertion of the anther. This latter is brown [i.e., in 
Hemerocallis'], and movable (versatile) upon the filament. The 
connective can be followed along the outer side of the anther as a 


312 BEPRODUCTION OF ANGIOSPEBMS. 

thin stripe between tlie two anther-lobes. The ripe pollen, ob- 
served dry npon the object-slide, shows the form of coffee-berries 
[the general foim in Liliacead]. It appears yellow, ornamented 
with a network of ridges on its surface. If, while examininff, we 
allow water to enter from the edge of the cover-glass, we see that 
each pollen-grain, as soon as wetted, levels up its furrow, strongly 
bulges out on the corresponding side, and takes the form of -a 
unilaterally flattened ellipsoid. The membrane of the previously 
furrowed part shows a relatively considerable thickness, is colour- 
less,, has no markings, and is limited sharply against the sculptured, 
brownish membrane. Careful focussing of a pollen-grain in a 
favourable position shows us that only a single skin surrounds 
the pollen-grain, that the colourless part thins off at its edges and 
passes direct into the coloured. Between the grains in the pre- 
paration orange-red oil is everywhere present, and clings also to 
the surface of the grains, giving to them in the dry state their 
yellow coloration. The contents of the pollen-grain appear grey 
and finely granular. After a short time, during which the pollen- 
grain slowly and continuously enlarges, it bursts and empties its 
contents, in the form of a worm, into the surrounding water. In 
sugar solution of suitable concentration the grains round off 
without bursting, and can be examined uninjured. If we allow 
concentrated sulphuric acid to act upon the pollen-grains, the colour- 
less smooth part of their wall is at once dissolved, while the 
sculptured, brownish part, on the other hand, resists : it is cuti- 
cularized. The cuticularized portion has therefore, in the open 
anther, where the pollen-grain is furrowed, to serve for the pro- 
tection of the entire grain. As can be seen upon the dry grains, 
the edges of the cuticularized parts are in contact along the fold, 
or furrow, so that the non-cuticularized portion lies completely 
concealed in the fold. It first comes into view when the grain 
swells, and grows out into the pollen- tube. An eztine and an 
intine — i.e., a special outer and inner coat — is, however, as we see, 
not to be distinguished upon- the pollen-grains of HemerocalUs, 
because the wall nowhere shows a double composition. Its cuti- 
cularized portion functionates as an extine, while the non-cuticu- 
larized part behaves just as does the intine in other cases. — Under 
the influence of sulphuric acid the structure of the cuticularized 
membrane is very clear. Examined from above with strong 
magnification, it shows a meandering network with elegantly wavy 
walls. In many meshes we can see lying a blue body, with 
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irregular outline, whicli represents the oil, previously yellow, but 
become blue witb sulphuric acid. The cuticularized membrane 
itself has become yellow. If we now focus for the optical section, 
we recognise readily a connected basal wall, upon which are the ' 
projecting ridges. The ridges are swollen at their outer angles, 
so that in optical section they appear club-shaped. In surface- 
view the areas at the bottom of the meshes appear finely dotted, 
and the optical section shows that these dots are in reality minute 
knobs, which are upon the basal wall. After some hours' action 
of the sulphuric acid, the membrane assumes a red-brown colora- 
tion, while the 
contents of the 
pollen- grain, 
which have 
come out, are 
at the same 
time stained 
rose-red, a re- 
action which 
protoplasm 
often shows 
with sulphuric 
acid.* 

We now pre- 
pare cross-sec- 
tions through 
the anthers ; 
first it would 
be well to 
turn to a 
flower- bud 
only about 
two- thirds 

grown, and cut cross- sections through this. The sections of the 
perianth are then removed from the preparation with the needles. 
Although we have chosen so young a flower for investigation, we 
nevertheless find all the pollen-sacs open. Their opening is effected 
very easily, and is brought about by the pressure of the razor in 
cutting. The adjoining figure (Fig. 104, A) will assist our con- 
ception. The walls of the pollen-sacs separate away (at p) from 
the partition walls separating the two sacs of each anther-lobe. 



FiQ. 10i.—Ecmerocallis fulva. A, cross-Bection through an almost 
ripe anther, with poUen-sacH opened by cutting ; p, the partition 
wall between the sacs; /, fibro-vasal bundle of the connective; 
a, groove along the connective ( X 14 ). B, cross-section through 
a young anther (x 28). C, Part of the previous cross-section of 
a sac. e, epidermis ; /, the fibrous layer [mesotheciuul] formed 
later ; o, the layer to be displaced ; t, the tapetal layer, to be re* 
Borbed later on ; pm, pollen mother-cells ( x 210 ). D and E, division 
of the pollen mother-cells ( x 240 ). 


814 REPEODUCTION OF ANGIOSPBRMS. 

[Hence sucli an anther when ripe is commonly, by eystematists, 
said to be " 2-celled."] They thns reduce their cnrvature. The 
two anther-lobes are connected together by the narrow connective, 
•traversed by a fibro-vasal bundle (/). If we now examine the 
cross- section with stronger magnification, we see most outwardly 
the epidermis of flat cells filled with violet cell-sap. These 
epidermal cells are bulged outwards. At the edges of the walls of 
the sacs they are rapidly reduced to a small height. Here the 
separation from the middle partition wall takes place. Stomata 
are scattered over the whole surface of the anthers. A small air- 
chamber lies under each of these. To the epidermis follows, on 
the wall of the sac, a single layer of comparatively high cells, with 
annular thickenings, the so-called fibrotis-layer [or mesotheciiim] . 
The rings on these cells are arranged perpendicularly to the 
surface; they pass over partially into spiral thickenings, and 
branch frequently into a network. Towards the dorsal side of thd 
anther the walls of the sac become gradually thicker, the fibrous 
layer being doubled. The remainder of the body of the anther is 
likewise constructed of fibrous cells. Only the cells which sxir- 
round the fibro-vasal bundle of the connective, and those (p) which 
form the partition wall between the pollen-sacs, are without 
thickening ridges. In order to prepare surface-sections of the 
anther, we again select a flower-bud about two-thirds developed. 
The surface-sections show that over the sacs the epidermal cells 
are longitudinally, the cells of the fibrous layer, on the other hand, 
are transversely, elongated. Not so on the dorsal surface of the 
anther, where the fibrous cells appear more isodiametric. Over 
the sacs the thickening ridges on the outer side of the fibrous cells 
are weaker, often scarcely recognisable. In drying, the cells of 
the fibrous layer contract in tangential direction transverse to the 
long axis of the loculus ; they are hindered in radial contraction 
by the thickening ridges. On the outer surfaces, w^ere the thick- 
ening ridges are weak, the contraction of the fibrous cells has 
more effect, whence the outward curvature which results in the 
rupture of the loculi.^ — Often in Angiosperms, as in Taxus, the 
thickening of the outer surface of the fibrous cells on the wall of 
the sac ceases entirely, so that the thickening ridges show U-shaped 
or basket-shaped figures open towards the exterior; it is clear that 
such a disposition assists the wall of the.sac in becoming concave on 
its outer side. — In order to study closely the relations of the fila- 
ment with the anther, we prepare a median longitudinal section 
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which falls between the two anther-lobes, through the upper part 
of the stamen. We see the filament thin off very strongly at the 
point of insertion of the anther. Its bundle enters into the con- 
nective, and passes through it, gradually becoming attenuated, 
almost to the apex of the anther. . The non-fibrous cells, sur- 
rounding the fibro- vasal bundle, which we saw in the cross- section, 
can likewise- be followed out of the filament into the connective. 
In order to obtain closed pollen-sacs in cross-sections, we must go 
back successively to younger and younger flower-buds so long as 
it proves necessary (Fig. 104, B). 

Now prepare cross-sections through a flower-bud about j inch 
high, and we shall find the walls of the sacs consisting, besides 
the epidermis (Fig. 104, G, e), of two or three layers of flat (/, c), 
and one layer of radially elongated cells (t).^ These last surround 
the entire sac. The ' interior is filled with polygonal pollen 
mother-cells. 

If we next prepare cross-sections through a flower-bud about 
-I inch in height, we shall see the pollen mother-cells already 
isolated and in course of division. These pollen mother-cells are 
recognisable by their white, thick, strongly refractive wall ; their 
contents are divided into two, or already into four cells, which lie 
in one (Fig. 104, D), or in two planes at right angles (Fig. 104, E), 
These pollen-grains, therefore, like spores, are produced by quadri- 
partition inside their mother-cells. The wall of the anther is 
lined by tapetal cells, which are filled with yellow-brown contents. 
These proceed from the innermost layer (t) clothing the sac. In 
the next older flower-buds the walls of the pollen mother-cells are 
dissolved ; the young pollen-grains lie free ; the tapetal cells have 
for the mo'st part lost their independence, their contents have 
penetrated between the young pollen-grains. The layer of flat- 
tened cells (/) underlying the epidermis has strongly developed, 
and forms the fibrous layer, while the next inner layer is crushed 
and disorganized. Ultimately, as still older buds show, the un- 
consumed portion of the tapetal cells, especially in the periphery 
of the sac, takes on an intense yellow-brown coloration, a glis- 
tening oily appearance, and so forms the oily substance which 
clings around and upon the pollen-grains. 

The species of the genus Lilium agree with HemerocalUs. The 
processes of difEerentiation in the anther commence here, however, 
later. In flower-buds of the white Lily, Lilium candidum, of L, 
(^oceum and others, four-fifths of an inch high, the pollen mother- 
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cells first begin to divide. In cross-sections through fresh flower- 
buds the large tapetal cells are very striking from the yellow- 
brown coloration of their contents. The hypodermal cells, as 
well as all the others which are later on provided with thickening 
ridges, are densely filled with starch-grains. 

Funkia ovata [May] provides likewise a very favourable object 
for investigation, and agrees with Hemerocallis and Lilium, as also 
do Agapanthus umbellattis [Greenhouse, April] and many others. 
Tulipa [the Tulips, April, May], and Hyacinthus orientalis [the 
Hyacinth, January — May] are likewise good to use. In Tulipa 
the filament under the anther tapers so sharply that this latter 
will draw ofE ; in Hyacinthus the anthers are almost sessile on the 
perianth segments. 

Tradescantia virginica does not cut so well, but we examine them 
with respect to their pollen-grains. Cross-sections through flower- 
buds which have attained about two-thirds of their definite length, 
show us the two halves of the anther separated by a connective 
elongated somewhat considerably in cross-direction. The walls of 
the sacs are already reduced to two layers, and the thickening 
ridges already formed in the inner layer. The young pollen-grains 
lie embedded in a yellow-brown substance, the origin of which from 
the tapetal cells is already known to us. The partition wall 
between the two sacs of each anther-lobe is here strongly devel- 
oped, and projects so far, that externally scarcely any depression 
between the two sacs is to be seen. At the place of insertion of 
the walls of the sac upon the partition- wall, the fibrous layer ends 
suddenly, and here also the dehiscence takes place later on. Sur- 
face examination of the walls of the sacs shows in this case also 
a longitudinal direction of the epidermal cells, a radial direction of 
the fibrous cells, and an almost complete absence of thickening 
ridges on the outer wall of the cells. 

If we examine with a lens the stamens of a bud which is ready 
to expand, we shall see the beautiful sulphur-yellow anthers fixed 
upon violet filaments covered with violet hairs. The dry pollen- 
grains are folded (or grooved) on one side (Fig. 105, A), 

In water the fold is levelled out, and the grains become almost 
ellipsoid ; h-qt the side which was furrowed is more strongly bulged. 
Its membrane is decorated with fine sinuous lines ; the furrowed 
side also shows this structure, and is distinguished only by its 
somewhat brighter coloi'ation, and somewhat weaker cuticulariza- 
tion. In the finely granular contents can be distinguished two 
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brighter homogeneous-looking spots (J5). These are the two 
nnolei, of which the one appears worm-shaped, and the other 
elliptic. The other contents of the pollen-grains are pretty uni- 
formly finely granular. The pollen-grains after some time begin 
to flatten, whereby the nuclei, together with the contents, are 
pressed out. The two nuclei can be seen very beautifully if the 
pollen-grains are crushed in a drop of acetic methyl-green, or 
acetic iodine-green. The worm-shaped nucleus stains more deeply, 
and in coming out often elongates considerably. If the pollen- 
grains are placed in the reagents in question, but without crush- 
ing, the nuclei show in 
their natural position in- 
side the grain, the worm- 
shaped nucleus always 
staining very strongly, 
the elliptic, on the other 
hand, somewhat more 
weakly. The rest of the 
pollen-grain remains at 
the same time unstained. 
If the pollen-grains in 
water have a drop of po- 
tassium-iodide-iodine solu- 
tion added, we see, after crushing the grain, numerous small blue 
starch-granxQes in the extruded yellow-brown contents. — If we go 
back to the younger flowers, and remove the anthers from a bud 
about i inch long, and crush them in water, we shall see part of 
the pollen-grains with one nucleus, part, as in Fig. 105 (7, where 
two nuclei lie close together. These two nuclei are, however, 
separated by a curved partition wall, which encloses one nucleus 
together with a little protoplasm. This cell, in basal outline almost 
circular, lies always upon the flatter side of the grain, which later 
on is opposed to the fold, or furrow. In somewhat older flower- 
buds we can see that this cell has separated from the wall of the 
pollen-grain, and lies free in the contents of the grain. It has 
elongated, and correspondingly thinned, and at the same time 
tapered at both ends ; with the exception of the two ends, it is 
filled by its nucleus.^ In pollen-grains which are almost ripe, the 
special boundary around this nucleus has disappeared ; it lies 
therefore completely free, and has elongated still more vermi- 
formly. Comparison with the Gymnosperms induces us at first to 


Fig. 105.— TradeBcantia Virginica, A, pollen grain 
dry } B, in water ; C, young poUen-grain in water, 
showing the reproductive and vegetative cells 
(X 640). 
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consider the small cell as the vegetative one; in point of fact, 
however, it is the generative cell, and it is its more deeply staii^^ 
ing nucleus which effects fertilization.^ — ^These observations ca 
as far as the youngest stages are concerned, be carried on in pn 
water ; for the oldest stages we must bring acetic methyl-greei?^ 
or acetic iodine-green to our aid. — The species of Leucqjum [Snow- 
flake] agree with Tradescantia, 

[The Crown Imperial, Fritillaria imperialisj presents another 
favourable object for investigation. In sections of alcohol material, 
first placed in water, and then stained with logwood, the two 
nuclei in each pollen-grain can be seen very beautifully.] 

If we open a bud of (Enothera hiennis [the Evening Primrose] 
which is ready to- expand, we shall find that the anthers hjgfe already 
dehisced and set free their pollen. These latter ar^uspended 
between the anthers by cobweb-like threads. If such threads are 
stretched out upon an object- slide, they appear under the micro- 
scope as exceedingly delicate threads, partly stretcted straight, 
partly tangled. The pollen-grains in a dry state are opaque, but 
their three-cornered form is at once noticeable. In water, with 
stronger magnification, they show as flattened, symmetrically 
triangular bodies, with rounded projecting angles. At the base of 
each of these rounded comers an annalar thickening of the mem- 
brane of the pollen-grain is to be seen. The contents of the pollen- 
grain appear finely granular ; the two nuclei are only recognisable 
in the contents of the ripe grain with extreme difficulty. In 
sulphuric acid the pollen membrane assumes a red-brown colour. 
By it an outer, thin, yellow-coloured layer is raised from the body 
of the pollen-grain, forming folds upon an inner, thicker, red-brown 
layer. Both layers coalesce in the wall of the comers. From the 
side walls of the comers fine teeth project inwards, so that these 
walls appear as if porous. The apex of the comers is dissolved 
by the sulphuric acid. The fine threads, binding the pollen-grains 
together, resist water, sulphuric acid, and potash, and are insoluble 
also in alcohol. If the grains are treated with 26 per cent, chromic 
acid, their membrane is soon dissolved, and in all cases the 
strongly cuticularized portion somewhat earlier than that which is 
either not, or but slightly cuticularized, which remains for a time 
as colourless swollen caps on the projecting comers of the plasmic 
contents. Later on, these also are dissolved ; and ultimately even 
the cobweb threads between the grains do not resist the <;hromic 
acil. — From the stigma of an older flower pollen-grains can be 
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lifted* off which have ab-eady developed pollen-tuhes. The form- 
ation of tubes takes place commonly only at one corner, or else, 
of the tnbes formed, o^ly one further. develops. The membrane 
of the tube is continuous with the side-walls of the comer; a 
specially limited intine is not present.^ 

[Longitudinal sections of the arms of the style of flowers which 
are past their prime, will show the pollen-tubes developed from 
the corners of the pollen-grains, traversing the tissue of the style. 
With magenta the contents of the pollen-grains and tubes will com- 
monly stain deeply, the tissue of the style only very slightly ; and 
hence the pollen-tubes can be traced with great ease, and often in 
large numbers.] Instead of (Enothera, an Upilohium [Willowherb] 
or a Fuchsia can be used for the investigation. 

We will- consider still some other pollen-grains of specially 
characteristic form. The Malvaceae are distinguished by remark- 
ably large pollen-grains ; we examine those of [the Hollyhock] 
Althcea rosea. In water these appear globular, opaque, studded 
with colourless spines. They become very beautifully transparent 
in carbolic acid and in chloral hydi'ate, much less so in oil of 
cloves, still less in oil of lemon. The preparations are best in 
carbolic acid, so that we will keep to this. Their surface view 
shows us that the colourless membrane is studded, at approxi- 
mately equal distances, with large pointed spines. Between these 
are scattered others, short, blunt, of variable thickness. Regularly 
distributed circular openings, appearing rose-coloured, .traverse 
the membrane. The basal surface of the membrane is finely 
punctate. The contents of the pollen-grain appear uniformly 
finely granular, the nuclei are very difficult to distinguish. The 
optical section of the grain shows us clearly the form of the 
large and small spines, and of the canals penetrating the membrane. 
An exceedingly delicate, but nevertheless existing, intine can be 
traced only as a boundary to the contents ; it bulges a little, 
papilla-like, into the canals of the extine. In concentrated sul- 
phuric acid the extine is quickly stained red-brown, and its struc- 
ture is then Yerj clearly shown. 

The pollen-grains of most other MalvacesB resemble those of 
Althcea. In Malva crispa, a [hardy annual] species not infre- 
quently cultivated, for example, the pollen-grains are shaped just 
as in Althcea, excepting that the spines on the membrane are all 
alike ; between the spines lay scattered the pores or canals ; the 
, membrane appears besides finely punctate. 


320 BEPRODUCTION OF ANGIOSPEBMS. 

The large pollen-grains of the species of Gucurhita have always 
been specially noticed on account of the valves which close the 
places of egress in the extine. In water, yellow oil- drops come 
ofE from the surface of the extine, the grains soon evacuate their 
contents, and the structure of the membrane then becomes clear. 
The extine is studded with regularly distributed large spines, and 
between them very numerous small ones. The places of egress 
are round, the valve is lifted up either on one side or altogether, 
by the papilla-like bulging of the intine. The valve has the struc- 
ture of the surrounding extine, and bears one or more spines. 
Very good figures are obtained in oil of lemon, less useful in oil 
of cloves. On the other hand the figures in chloral hydrate are 
to be preferred to those in carbolic acid. In a word, the most 
favourable clearing medium for each object must be found by 
experiment. Upon the preparations in oil of lemon and chloral 
hydrate we can determine, by optical sections, the position of the 
valve inside the extine, in which it is found wedged with its base 
somewhat broadening inwards. Under the valve pan be seen the 
bulging of the intine. In sulphuric acid the oil-drops on the extine 
become blue. The extine slowly becomes brown. The valve is 
thrust ofp by the swelling contents. In 25 per cent, chromic acid 
the entire pollen-membrane is soon dissolved; the intine resists 
somewhat longer, and, at the moment when the extine disappears, 
can be followed as a strongly swollen, homogeneous membrane. 
The pollen-grain has previously emptied itself, whereby the obser- 
vation of the intine is considerably facilitated. In sulphuric add, 
on the other hand, the intine is immediately dissolved, the extine 
remains, the extruded contents of the pollen-grain are gradually, 
as in other cases, coloured rose-red. 

Of compoiuid poUeii-graiiLS, which occur alike in Monocotyledons 
and Dicotyledons, we will first take those of [the Ling] Galluna 
vulgaris. The grains here are joined in fours, and usually grouped 
tetrahedrally. The pollen-membrane shows only slight protuber- 
ances, and usually three places of egress for each grain. The 
various species of Erica, Azalea, and Rhododendron agree in all 
essentials with Galluna. In species of Acacia, as in the Mimosesa 
generally,® the pollen-grains form groups of 4, 8, 12, and 16, and 
even more cells, but can occur also separately. 

In a from 3 to 30 per cent, sugar solution, which contains 1*5 per 
cent, gelatine, most pollen-grains easily put out tubes, in which 
protoplasmic movement is beautifully seen. The formation of tubes 
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takes place quite certainly and rapidly in 5 per cent, solution of 
sugar and 1*5 per cent, gelatine from the pollen-grains of Pceonia, 
Staphylea, and even from Tradescantia when the pollen-grains are 
taken from freshly opened flowers. The most favourable objects 
are perhaps species of Lathyrus [e,g. Sweet Pea, Everlasting Pea, 
etc.], in 15 per cent, solution of sugar and 1*5 per cent, gelatine. 
This solution must be freshly prepared, the sowing is best per- 
formed in a suspended drop in a moist chamber (see p. 238). 


NOTES TO CHAPTEB XXVm. 

^ On Stamen and Pollen compare v. Mohl, Ueber den Ban und die Formeti 
der PoUenkdmer, 1834. Fritsche, Ueber den Pollen^ M€m, de tav, itratig, 
1836. Naegeli, Zar Entwicklungs, d. Poll, bei den Phanerogamen, 1842, Schacht, 
Jahrb,f, wiss. BoL, Bd. 11 , p. 109. Warming in Hanstein's bot. Abh., Bd. II.i 
Heft. II. Strasburger, Befr. und Zellth., p. 15, and Ban der ZellhdiUe, p. 86. 
Elfving, Jen, Zeitschr, /. Naturw,, Bd. XIII., p. 1 [trans, in Quart, J, of Mie, 
Science, 1879]. Goebel, Grundz, der, Syst, Bot,, p. 398. Luerssen, Grundz. d, 
Bot, III. Aufl., p. 369 ; Med, Pharm. Bot„ Bd. II., p. 198. Prantl, Lehrb, der 
Bot,, III. Aufl.. p. 192 [English trans., by Vines] . 

2 Sachs, Bot, Zeitung, 1862, p. 242. 

' Compare Leclerc du Sablon, Annates des se, nat., Ho'anique, VII. S6r., 
Vol. I. p. 97, 1885. 

* Warming, in Hamtein'a bot. Abh,, Bd. II., Heft. 11. Goebel, Grand zUge, 
p. 409. 

(^ Compare herewith, Elfving, Jenaische Zeitteh., Bd. XIH., p. 12 [English 
translation as above] . 

* Strnsburger, Neue Untersuehungen Uber den Befruchtungsvorgang bei den 
Phanerogamen, 1884, p. 5. 

The differential coloration of vegetative and generative nnclens 
is in general more strongly marked than in Tradescantia, 

' Strasburger, Bau der Zellhdute, p. 95, where the development is given. 

* Bosanoff, Jahrb,f,vn88, Bot., Bd. IV., p. 441. Engler in the same, Bd. X., 
p. 277. The other literatare is there given. 
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CHAPTER XXIX. 
THE GTNJSCinM OF ANaiOSPEBMS. 

Material Wanted. 

Fading flowers of Larkspur, Delphinium Ajacis. Fresh ; or in alcohol. 

Or, the same of the Hellebore, HeUebarus sp. 
The same of the Flowering Bush, Bidomus umheUaius, 
The same of some liliaceoas plant, e.g.. Tulip, Hyacinth, l^Ziuni, 

Hemerocallis, Yucca. 
The same of a Primula, e.g.. Primrose, Cowslip, Auricula, Polyanthus, 

or of Lyainiachia, or AnagalUs. 
Withering flowers of an orchid. 

Full-blown flowers of Monkshood (Aconiium NapeUus, etc.). 
The same of the 6ird*s-ne^t Bape, Monotropa Jiypopitys. Fresh only. 

Or,, the same of some sp. of Pyrola (Winter-green). Or some 

orchid. Or Gloxinia. Fresh. Alcohol-material will do. 
Full-blown flowers of Tcn-enia Asiaiica. Fresh. Alcohol-material 

will do. 
The same which we have ourselves pollinated from 36 ^o 48 hours 

previously. 

Let us first obtain a general idea of the structure of the Ovary.^ 
For this purpose one of the Banunculaceae is very well suited, e.g. 
Delphinium Ajacis, the Larkspur of the gardens. We choose an 
old flower, from which the petals and stamens are easily removed, 
and observe three pistils * left standing in the central position. 
Even by superficial observation we can distinguish upon the pistil 
the lower, green, swollen portion — the ovary, and the thin part, 
here rose-coloured, into which the ovary narrows above — ^the style. 
This last ends with the stigma, which in this case is not specially 

* It is high time an end was pat to the confusion existing in systematic 
works as to the use of this term. A pistil, I deHne as a distinct ovary, of one 
or more cells, and composed of one or more conjoined carpels, with its stigma 
or stigmas, and, if present, style or styles. A gyncBcium is the whole female 
part of the flower, consisting of one or more such pistils. Pistil and gynasciam 
may thus be synonymoas, as when there is but one pistil, but are not necessarily 
so. This may not be throughout consistent, but it is at least dear. [Eo.] 
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delimited, and merely ends the style. — ^We now prepare cross- 
sections through all three ovaries together, and examine them with 
a low power, or with the addition of a little potash. The cross- 
section (Fig. 106) shows ns a single cavity [cell or loculus] in 
each ovary. Apparently it is a single fertile leaf, or carpellary 
leaf, which forms each such ovary. We can conceive the car- 
pellary leaf folded inwards and its edges here grown together. 
To snch an origin points, moreover, the ventral suture,* which we 
find, in fact, in the median plane of the ovary on its side turned 
towards the middle of the flower. Snch an ovary, composed of 
one fertile leaf, is monocarpeUary ; when a number of such mono- 
carpellary ovaries are combined in a single flower, as is the case 
in our example, the flower is said to be [apocarpous or] poly- 
carpous. The ovaries are here free to their base, and inserted 
upon the floral axis, i.e., they are superior [or free]. The entire 
female sexual apparatus of the flower may 
consist of one or of numerous pistils, and 
is designated the gsrnsBCium. Our cross- 
section shows clearly the groove on the 
ventral side ; and with stronger magnifica- 
tion we can, at this place, follow tHe ex- 
ternal epidermis through the entire thick- 
ness of the wall, and see it continue into 
the epidermis of the ovarian cavity. It Pjg. iw.— Delphinium Aja. 
is interesting that this inner epidermis "«' CroBs-Bection through an 

° ^ ovary, o, wall of the ovary; 

also possesses Stomata. The wall of the «, fibro-vasal bundles in the 

ovary is traversed by a number of fibro- ZnL'y ^^.jl^nH'. 
vasal bundles, of which most appear on 

the dorsal side, and some near the edges of the carpel on the 
ventral side. The edges of the carpellary leaf are a little swollen, 
and form, on the cavity side, the placentsB (p). From these the 
ovules (s), corresponding with the number of placentae, arise in 
two rows. With the ovules we shall concern ourselves later on, 
and for this purpose we put our preparation on one side. 

[Instead of Delphinium, and available so early in the year as 

* While there can be no soand objection to the usjb of the term ventral 
suture to imply this union of the margins of the leaf, there is no reason what- 
ever for retaining the absurd term dorsal suture for the midrib of the car- 
pellary leaf. The term ** dorsal " is however of advantage in connection with 
dehiscence, and it would greatly facilitate a much-needed simplification of the 
methods of classification to speak, for instance, of the *' ventral " dehiscence 
of a follicle, the " dorsi- ventral " dehiscence of a legume, and so on for the 
various kinds of capsnle. [Ed.] 
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Febmarj, we can use tlie ovaries of the siinkiiig Hellpbore, 
Helleborus foBtidus. They agree in all essentials with the above. 
Sections taken throngh flower-bnds at varions stages will show 
moreover the method of union of the margins of the carpellarj 
leaf. Some of the sections will show these margins nnjoined bat 
in contact ; in others, the epidermal cells of one thickened margin 
will be seen to grow ont^ papillately, between the similar cells of 
the other margin, so as to "dovetail " the edges t<^ther. Sections 
of the same jonng flower-bnds may show the division of the 
pollen mother-cells into tetrads. For earlier examination still the 
Christmas Rose, H. niger, may be.nsed.1 

In the flower of [the Flowering Bnsh,] Butomus wnbeUcUus^ as in 
Delphinium, we find a number of ovaries — always six ; but these 
ovaries are free only in their upper half ; in the under half they 
have grown together laterally, and cannot be isolated uninjured. 
The style is very short, and bears the stigma on its upper edge. 
We prepare cross-sections through the free and the combined 
portions of the ovaries. The figure of the free upper part is, 
from the point of view of the carpellary leaf, the same as in 
Delphinium ; the individual carpellary leaves remain distinguish- 
able from one another to their base, but in the lower part it is no 
longer possible upon the cross-sections to separate the individual 
carpellary leaves intact. In Butomus we have therefore an inter- 
mediate stage between apocarpouB and syncarponB flowers ; and 
this example is suitable to introduce us to the multilocolar ovary, 
composed of more than one carpellary leaf. Besides this, we find 
another novelty in Butomus. The ovules arise not only from the 
edges, but rather, the median line excepted, from the whole inner 
surface of the carpellary leaf ; they have superficial placentation. 
The entire walls are covered with ovules, and functionate as 
placentsB. At the place of insertion of each ovule a fine fibro- 
vasal bundle is to be seen, which provides for the ovule. They 
are branches of the stronger, larger, fibro-vasal bundles, lying 
deeper fti the tissue. 

The ovule of Liliaceas is on an azile placenta ; we select, with like 
resxQts, the Tulip, Hyacinth, a Lily, or Hemerocallis for examina- 
tion. In the Tulip the three stigmatic lobes are sessile upon the 
ovary, without style. In the Hyacinth the ptyle is short, the 
stigma small, slightly trifid. In Lilium the style is long, the 
stigma tripartite. In HemerocalUs the style is very long, the 
stigma likewise tripartite, but very small. Gross-sections show 


STRUCTUKB OF SYUCARPOdS OVARIES. 325 

US a trilocnlar ovary, composed of three closed carpellary leaves 
which hav6 grown together. Here neither laterally nor in the 
middle is a limit between the tissues of the individual carpellary 
leaves to be recognised ; and a single continuous epidermis covers 
the exterior of the whole structure. [In Yucca, another genus of 
the Liliaceee, the limits of the three carpellary leaves are marked 
externally by grooves, and internally by narrow radial pear- 
shaped cavities in the tissue, each cavity being lined by a distinct 
epidermis.] Three carpellary leaves therefore form here a syn- 
carpous, trilocular ovary. Each of the three carpellary leaves 
combined into this trilocular ovary bears, corresponding to its 
two edges, two rows of ovules ; i.e. the placenteB lie here in the 
inner angles of the loculi or cells of the ovary. The placentation 
is therefore marginal, as in Delphinium ; but as they arise from 
the angles of the cells, and therefore in the centre, it is specially 
designated central for axile] placentation. — Cross-sections through 
the style of Hem&rocallis show us in it a central triangular passage, 
the pollen-canal. Three fibro-vasal bundles are distributed at the 
three angles of the pollen-canal. A longitudinal section through 
the apex of the style, and therefore through the stigma also, shows 
us the surface of this latter grown out into long papilloB. This 
phenomenon is very general upon stigmatic surfaces ; Hemerocallis 
however ofEers still another interesting condition, in that the 
cuticle of the papillae is raised up by the formation of slime or 
mucus. This cuticle is spirally striate, and in accordance with 
this its upheaval follows a spiral line. At length the cuticle is 
entirely loosened from the inner layer of the membrane, and 
disappears from the papillsB. — The other LiliacesB likewise show 
a hollow style; in most cases, on the other hand, the style is 
solid, but filled either with cells easily passing out of lateral 
union, or else provided with swollen side- walls, between which 
the pollen- tubes can easily grow downwards. 

Another free or superior ovary exists in the flowers of the 
species of Primula [Primrose, Auricula, Cowslip, etc.]. These are 
dimorphous, i.e., have short-styled and long-styled ovaries, and 
stamens inserted high up or low down upon the tube of the 
corolla. A median section taken through the ovary shows us that 
the floral axis is prolonged into the cavity of the ovary, and here 
enlarges into a mushroom-like swelling. In the middle this 
swelling projects, papilla-like, into the pollen-canal of the style. 
The entire surface of this swelling is covered with ovules. We 
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have here a free-ceutral placenta. The wall of the ovary is in 
no way connected with this placenta. We can be qnite convinced 
of this by cross-sections in which the wall of the ovary appears 
as a free ring around the central placenta [or, if an equatorial 
incision is made round the ovary, the style and upper part of 
the ovary can be lifted ofE like a cap from the mass of ovules, and 
the prolongation of this central swelling will be withdrawn from 
the pollen-canal.] Wanting also in the ring are the points of se- 
paration which enable us to determine the number of carpellary 
leaves concerned in forming the ovary ; these however are assumed 
to be five, from the point of view of the numerical symmetry of the 
other floral parts, and from the circumstance that in many Primu- 
lacesB the fruit-capsule dehisces at its apex with five teeth. In 
Primula itself the number of the teeth with which the capsule 
opens is undetermined. — Instead of Primula, species of Lysimachia 
[Loose-strife, Creeping Jenny, Money-wort, etc.,] or of Anagallis 
[Scarlet Pimpernel, Bog Pimpernel, etc.,] can be used with the 
same results ; they all bear their ovules on a free central placenta. 
Let us examine now an inferior [adherent or adnate] ovary, 
selecting first that of Upipactis palustris, or of some other orchid. 
The brown ovary lies below the point of insertion of the other 
floral parts. We select for cutting a young rudimentary fruit, 
upon which the petals have already begun to go brown. Cross- 
sections are very instructive, and show us a unilocular ovary, 
which bears equidistantly upon its wall three pairs of placentas. 
The placent89 repeatedly divide at their inner edges, and bear 
a great number of ovules. The wall of the ovary has on its 
outer side six projecting ribs, of which three correspond to the 
places of insertion of the placentes; three specially strong ones 
alternate with these places of insertion. Each rib is traversed by 
a fibro- vasal bundle, or a complex of fibro-vasal bundles, besides 
which a small bundle lies at each place of separation of two 
placentae. In a superior ovary, the cross-section of which should 
agree completely with that here described, we should in no way 
scruple to consider the ovary as composed of three carpellary 
leaves, and to look upon the pairs of placentaa as arising from the 
conjoined edges of two adjoining carpellary leaves. The three ribs 
which alternate with the lines of insertion of the placentee, we 
should take for the midribs of the three carpellary leaves. As 
we have here, however, an inferior fruit, the matter is not so 
simple. We can either conceive that the inferior ovary consists 
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of the hollowed floral axis, and is only closed above by the 
carpelJary leaves, that from these latter, however, the placentae 
grow downwards into the hollowed floral axis ; or we can consider 
that the carpellary leaves and hollowed floral axis have gi*own 
together, and that in the wall of the inferior ovary, therefore, 
the outer portion appertains to the stem, the inner to the carpel- 
lary leaves. This latter theory is decidedly to be preferred; it 
has, however, no other than a phylogenetic [or evolutionary] 
value ; t.e., we conceive that in course of time the inferior ovary 
has so arisen.* In point of fact, however, the anatomical and 
physiological data for such a conception are wanting, and we 
must therefore be contented with stating that the structure of 
this inferior ovary is not different from that of a polycarpellary, 
unilocular, superior ovary. — If ripe fruit-capsales of Epipactis are 
at our disposal, we shall find in these, as in most other Orchidese, 
that the wall of the capsules dehisces by six longitudinal clefts. 
The six bands separating the clefts remain joined at the base and 
at the apex of the capsule. Three of them are broader and fertile, 
three are narrower and sterile. The three sterile correspond with 
the three mid-ribs, which we saw in the cross-section of the ovary ; 
the three fertile bands bear in their middle the placentae. 

We will now endeavour to become acquainted with the struc- 
ture of the ovule, and at the same time turn our attention to 
the processes of fertilization in Angiosperms. In order to become 
acquainted with the individual parts of the ovule, we first prepare 
cross-sections through the ovary of [the Monkshood] Aconitum 
Napellizs, or of some other species of Aconitwm. We select a flower 
in full bloom, strip ofE the other parts of the flower, and then cut 
through the three ovaries together. Care should be taken that 
the sections are taken correctly at right-angles with the long axis 
of the individual ovaries. The number of the sections must be con- 
siderable, so as more probably to cut an ovule correctly. We glance 
over the sections, and select those which appear likely. In case 
the section is not delicate enough, we can help matters with a 
little potash. The figures are almost identical with those which 
we have just examined in Delphinium ; but in the structure of the 
integument of the ovule there is a slight difference, which in- 
duces us to give Aconitwm the preference now. If an ovule is 
cut centrally, it appears as in the adjoining Fig. 107. The ovary 

• A plant of great interest in this connection is the Californian poppy, 
EscluchoUzia Californica, now so commonly grown in gardens. [Ed.J 
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is monocarpellary, the ovnle arises from a marginal placenta. 
It is inserted thereon with a stalk, the fonicnlxis or funicle (/) ; 
the free part of this is very short, the rest of it is grown to the 
ovnle, forming npon it the raphe (r). In the body of the ovnle 
we distingnish first of all the inner conical mass of tissne as the 
so-called nnclens of the ovnle — ^the nncellns (n). This corresponds 
with the macrosporangixim of the Vascnlar Cryptogams. The 
nncellns is encased in two integuments, an inner (ii) [originally 
called the " secnndine " by Mirbel ; bnt, as it is developed before 
the other, more recently known as the "primine"], and an outer 
(ie) [originally called the " primine " ; bnt, as it is developed after 
the other, more recently called the "secnndine"]. The inner is 

developed on all sides to the base 
of the nncellns, the outer is want- 
ing on the side of the raphe, in 
that it joins on both sides to the 
funiculus. The inner integument 
leaves a narrow canal free between 
its upper edges, which extends to 
the nncellns ; this canal is known 
as the micropyle. The funiculus is 
traversed by a fibro- vasal bundle, 
coming from the placenta, which 
in many, but not, however, in all, 
cases can be traced to the base of 
the nncellns. The tissue adjoining 
the base of the nncellns, here dis- 
tinguished by its brighter color- 
ation, is known as the chalaza (ch). 
In the long axis of the nncellns is 
noticeable a larger cell, forming 
quite a cavity ; this is the embryo-sac (e). At its base can be seen 
some globular cells, which in Aconitvm (and Ranunculace89 gener- 
ally) are very strongly developed— the antipodal cells (a). In 
specially favourable cases we can determine that they are three in 
number. In the apex of the embryo-sac we can also see a small 
cell, which, however, is only recognisable in perfectly median 
sections ; it is the egg [-cell or oosphere, sometimes called the 
embryonic vesicle or germinal vesicle] (o). The ovule as a whole 
is distinguished as anatropous, i.e. tnmed back, because the body 
of the ovule does not lie in direct continuation of the fnnicnlus, 



Fig. 107.— ilconitum JVapellus ; median 
longitudinal section of an ovule. /, funi* 
cuius ; r, raphe ; v, fibro-vaaal bundle 
of the funiculus ; {.e., outer integument ; 
tt, inner integument; n, nucellus; eh, 
chalaza; e, embryo-sac; a, antipodal 
cells; 0, the oosphere; nc, nucleus of 
the embryo-sac; m, micropyle ; or, wall 
of the ovary (x 53). 
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but appears laid hj the side of it, with one side grown to it, and 
the micropyle turned to the base of the funiculus. This form of 
ovule is by far the most common in Angiosperms. If we now 
compare our preparation of Delphinium (Fig. 106) with that of 
Aconitum (Fig. 107) we shall see that the structure of the ovary 
and ovule in the two cases is quite identical ; the distinction only 
is that in Delphinium [as very commonly in Ranunculacese] the 
two integuments of the ovule are blended together. 

In order to prepare sections of the ovule of Aconitum, we can 
separate one from the ovary, and cut it singly between the 
thumb and fore-finger, in the method already known to us. If 
the ovule is correctly arranged between the fingers, we shall in 
this way more rapidly obtain true median sections. In this and 
in other like cases the ovule may, with advantage, be first em- 
bedded in glycerine-jelly or in celloidin (cellnloidin), and then cut. 
The glycerine- jelly must be tolerably firm, *.e., must contain a 
comparatively large proportion of gelatine. In celloidin only 
alcohol material can be embedded. We pour the solution of 
celloidin * into a small box made of writing paper, and immerse 
the ovule in it. The celloidin is' then allowed to stand in the air 
till it has acquired a firm skin, when it is laid in 82 p.c. alcohol. 
Here, after some hours, it acquires the consistence of cartilage, 
remaining transparent. Celloidin and object are cut together, and 
the sections laid in glycerine or glycerine-jelly, without its being 
necessary to remove the celloidin. The sections can be stained 
with carmine or with logwood (hsBmatoxylin) , but not with aniline 
colours, as these latter colour the celloidin as well. If the celloidin 
has been procured in cakes, it must be dissolved before use in 
equal parts of ether and absolute alcohol. In order to make 
ovules which are to be embedded in glycerine- jelly or in celloidin 
still more visible, they can be previously stained with watery 
logwood ; the ovules must then, however [after previous washing 
in water], be again dehydrated in absolute alcohol, before being 
placed in the celloidin. Objects which, in order to make them 
available for section-cutting, must be permeated with celloidin, 
are first treated with dilute solution of celloidin, in which the 
object must lie often for days before it is transferred to, and 
embedded in, the thick celloidin solution. 

• To be obtained of Dr. Griibler, in Leipzig, Dufour-strasse, 17. In cakes at 
about 3s. each, or in solution at 11«. the kilogramme. Also of Messrs. Southall 
Bros. & Barclay, manufacturing chemists, Dalton St., Birmingham. [Ed.] 
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We win now take in hand the stndj of the interior of the 
emhrjo-sac. The most favourable object for this is Monotropa 
Hypopitys [the Bird's-nest Rape, a pale yellowish parasite, found 
chiefly under beech and fir trees] .* This plant is so favourable 
for the otherwise difficult investigation of the embryo-sac that 
no pains should be spared, if possible, to obtain it.* It flowers 
in July and August, and must be examined fresh, as in alcohol it 
becomes brown and opaque. The plant bears carriage very well, 
and can be preserved healthy for a very long time in a glass of 
water. [Supplies may in this way be obtained from a distance.] 

With Monotropa agree the various species of Pyrola, or 
"winter-green," [likewise Ericaceous plants,] excepting that 
their ovules are smaller. [About a dozen species of Pyrola, all 
hardy herbaceous perennials, can be readily enough cultivated in 
gardens, either from, seeds or division of the roots, selecting for 
the purpose a shady border, with a sandy peat soil.] The cross- 
section through the under part of the ovary shows this to be 
four-celled [5-celled in Pyrola], The placentsB are strongly 
swollen, and bear on their surface very numerous, slender, closely 
serried ovules. The two halves of the placenta in each cell are 
removed to some little distance by a radial line of separation. In 
the upper part of the ovary these lines of separation extend to 
the centre, and there adjoin one another. We see then four strong 
pairs of placentae, each placed on the centre of a partition wall, 
which appertain to the two neighbouring loculi; the pairs are 
easily separated from one another with the needles. We get the 
ovules for our investigation by removing a portion of the wall of 
the ovary with the forceps, and stripping off the ovules with the 
needles from the placenta thus exposed. We place them in pure 
water, or in 3 p.c. solution of sugar, in which the ovules remain 
longer unchanged. We take this material from an oldish flower* 
in which the stamens have already dehisced, so that we shall find 
the ovules in part ripe and not yet fertilized, in part already 
fertilized. Between the ovules we come often upon pieces of 
pollen tubes. The receptive ovule has the t^pearance of the 
adjoining ^g., 107. It is transparent, and can be focussed for 
optical section. We recognise in it an anatropons ovale, with but 
one integument (t). The whole interior of the ovule is filled by 
the embryo-sac ; we miss the nucellus, which, during the develop- 

• It is hardly likely to be regularly obtainable in England, so that the alter- 
native plants referred to later on must be relied on for material. [Ed.] 
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ment, is pressed back bj the embryo-sac. The apex of the 
embryo-sac is occupied, as we can clearly see, by three cells. 
These three cells form the egg-appaxatus [or germinal apparatus J. 
They are not of eqnal value. The two upper are the assistiDg- 
cells, or synergid® (Fig. 108, B) ; that more deeply inserted, is 



the oosphere (o) [germinal vesicle, embryonic vesicle]. The 
synergidee, as can be easily seen, have in their lower part a 
vacuole, are filled above with protoplasm, and here contain the 
nucleus. The oosphere inversely has its cavity above, and below 
the main mass of its cell-protoplasm, and the nucleus. Both 
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BynergidfiB are not always seen, as one can cover the other (Fig. 
108, G). At the base of the embryo-sac the antipodal cells can 
usually be recognised without diflficulty, and we can count that 
three also of these are present. In the interior of the embryo-sac 
is usually found a nucleus, with a nucleolus (Fig. 108, A) ; but in 
other cases there are two nuclei (B) or a nucleus with two nucleoli 
(0) ; and we judge from this, that the one nucleus which we always 
* ultimately find arises from the union of two. Ovules, the fertil- 
ization of which has already commenced, can be recognised by 
the changes which the synergidsB have undergone. These appear 
strongly refractive, both or only one beiug thus modified. It is 
then certain that a pollen-tube has penetrated to the embryo-sac, 
and if it is not easy to see it in the interior of the micropyle, it is 
still not difficult to recognise the piece torn ofE from it in the 
preparation and projecting beyond the micropyle. The apex of 
the pollen- tube, however, has penetrated to the synergideB, and the 
protoplasm of the pollen-tube between the synergidsB to the 
oosphere. With careful examination we may happen, in oospheres 
which border on synergidaB that are thus changed, to find two 
nuclei (D), one larger, the original nucleus of the oosphere, and 
close by it also a smaller, the spermatic-nuclens, which has pene- 
trated from the pollen- tube. This latter increases quickly in size. 
We can find stages of conjugatiou between the oo-nuclens and this 
spermo-nucleus, and afterwards see only one embryo-nucleus, with 
two unequal nucleoli, of which the smaller arose from the 
spermatic-nucleus (JB7), and ultimately an embryo-nucleus with 
only one nucleolus. While the oosphere is being fertilized, the 
highly refractive masses of substance in one or both synergidaB 
diminish ; they are apparently used for the nourishment of the 
oospore. At the same time with these changes in the egg- 
apparatus the formation of endosperm has commenced in the 
cavity of the embryo-sac ; i.e., we see the embryo-sac divided by 
walls. The endosperm-formation here, therefore, takes place by 
cell division. In other equally frequent, even more frequent, cases, 
the nucleus of the embryo-sac and its descendants at first divide 
free ; and only at a later stage of the development the formation 
of partition- walls between these nuclei commences. The process, 
as we have it here, takes place in general in such embryo-sacs as 
show slow, and on the whole inconsiderable, increase in size. 
Where, on the other hand, the embryo-sac increases very rapidly 
in size after the fertilization of the egg-cell, there nuclear division 
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without cell-division first takes place, and cell-formation [i.6., the 
formation of the partition- walls] first begins when the embryo-sac 
is approximately fully developed. — In consequence of fertilization 
the oospore has acquired a delicate cellulose membrane, and soon 
begins to elongate into a sac, and after some time penetrates with 
its apex into the body of the endosperm, where the apex of the 
sac produces a few-celled embryo, [the rest of the sac forming the 
suspensor]. — We have thus far examined these ovules only in pure 
water or in sugar-solution ; if we wish to see the nuclei come out 
clearly, we must treat the ovules with two per cent, acetic acid. 
In this way we obtain very sharply- 
defined structures in most ovules, 
and at the same time fix the stages 
of division of the nuclei, although 
into these processes we do not pro- 
pose at present to go more deeply. 
Staining media cannot be recom- 
mended, since they stain also the 
nuclei in the integument, and in 
this way injure the view into the 
interior. 

Instead of Monotropa various Or- 
chids {Orchis and other genera) can 
serve for this investigation. Fer- 
tilization takes place in these a 
good while after pollination, and in 
ovaries which are already greatly en- 
larged. These are cut open, ovules 
removed with the needles from a 
placenta, and transferred to water 
or three per cent, solution of sugar. 
We can, without further steps, in- 
form ourselves as to the structure of 
the fully-formed ovule (Fig. 109) ; 
this is very like to that of Monotropa, but there are two integu- 
ments [as commonly in monocotyledons], and an air-cavity in the 
neighbourhood of the chalaza. This air-cavity makes observation 
more difficult if it is filled with air, and this latter also penetrates 
between the integuments. The ovule in water or in three per 
cent, sugar solution, must therefore be freed from air under the 
air pump. Often even a slight pressure upon the cover-glass 
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Fig. 109.— OrcKifl palUns. Beceptive 
ovule. 08, egg-apparatuB} ti, inner, 
M, outer integument; I, air-cavity 
The other letters are as in the pre- 
viouBflgure8(x 240). 
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serves to remove the most disturbing air, found between tbe 
integuments. The nucellus in the OrchideaB also is quite displaced 
by the embryo-sac ; as a relic of the nucellus a strongly refractive 
cap of substance is still to be seen at the apex of the embryo-sac. 
The egg-apparatus {os) is constructed as in Monotropa, only that 
the oosphere is less deeply inserted. The antipodal cells are not 
to be seen; in their place is a strongly refractive substance, in 
which lie, in fact, three nuclei, recognisable, however, with great 
difficulty. The pollen-tube can, more easily than in Monotropa, 
be traced to the synergideB ; the changes which the synergidae 
undergo are the same. The two nuclei, moreover, are again found 
in the fertilized oosphere. Endosperm is in general not formed 
in the OrchidesB. 

In default of Monotropa and of Orchidaceee transparent ovules 
for investigation are provided by various GesneracesB,* and, above 
all, the large-flowered Gloxinia hyhrida of the gardens. The ovule, 
having only one integument, is so far translucent that the egg- 
apparatus is clearly visible. It shows the two synergidsB, and in 
this case flask-shaped oosphere. Under some circumstances two 
oospheres can be present. The embryo-sac in its upper part is 
swollen, but narrows suddenly below ; the antipodal cells in the 
lower end are not distinguishable with certainty. 

One of the most favourable plants for the study of fertilization 
is however the Scrophularineous plant Torenia Asiatica} This 
[stove-evergreen from the East Indies] is now cultivated very 
generally in gardens, and bears flowers the whole year through. 
It is distinguished in that its embryo-sac grows upwards into the 
micropyle, and hence the whole egg- apparatus appears without 
any other covering than the wall of the embryo-sac. Cross- 
sections through the superior, elongated ovary show this to be 
two-celled ; the two axile placentas project as pads into the loculi. 
They are covered with numerous ovules. For the purpose of 
observation we remove a wall of the ovary, and strip off the 
ovules from the placenta, best under the simple microscope. We 
observe them with advantage in a 3 p.c. solution of sugar. The 
ovules are anatropous, or, more correctly, somewhat campylo- 
tropous, for the embryo-sac and the integument are bent in their 
upper part (Fig. 110, A), The free part of the funiculus (J) of 
the ovule is pretty long. There is only one strong integument. 
The embryo-sac (e) projects with its upper end out of the micro- 
pyle. This protruding part is convexly swollen and pointed at its 
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apex ; it lies against the funicalus. It is difficult to follow the 
embryo-sac in tlie interior of the ovule, but by running in a little 
potash we can, during its commencing action, convince ourselves 
that it immediately adjoins the integument, is first very narrow. 



then swells somewhat spindle-shaped, and (e*) again narrows at 
the base. Our preparations in sugar solution show, in the free 
apex of the embryo-sac, the two synergidsB and the oosphere ; 
once more therefore, as always, three cells foi-m the egg-apparatus. 
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According to the position of the preparation two synergidee are 
to be seen (Fig. 110, JB), or one covers the other (0). At the 
apex of each sjnergida we notice here a homogeneous, strongly 
refractive cap, sharply defined against the finely granular portion 
behind; this is the so-called filifonn apparatus. If sach a pre- 
paration is treated with chlorzinc iodine, the caps of the synergidee 
are seen to colour blue. They consist therefore of cellulose. The 
other substance of the synergidas and of the oosphere colours 
yellow-brown. Careful examination shows that the membrane of 
the embryo-sac is open over the caps of the synergidsB (jB, 0). The 
filiform apparatus therefore now forms the stopper to the opening 
of the embryo-sac. This apparatus is very widely distributed, 
especially amongst monocotyledonous plants, and projects often 
very far out of the embryo-sac. The longitudinal striation, 
which they very commonly show, arises from fine pores filled 
with protoplasmic contents. — We turn again to our preparation 
lying in water or in sugar solution, and further determine that 
here also the distribution of the contents in the synergidee and 
the oosphere is entirely the same as in Mqnotropa and Orchis 
(B, G). In the synergidee the nuclei lie in the upper, the vacuole 
in the lower part ; in the oosphere this is reversed. — If we wish 
to study the process of fertilization in Torenia we must pollinate 
the flowers for this purpose. From pollination to fertilization 
thirty-six hours elapse, so that we must renew our observations 
after from a day and a half to two days. As before, we free the 
ovules from the placenta, but as carefully as possible, under the 
simple microscope, in order to remove the largest possible pro- 
portion of the pollen-tubes. These are followed here, with the 
greatest possible ease, to the apex of the embryo-sac, between the 
caps of the synergidee and right up to the oosphere (D, E), We 
see that the pollen-tubes conducted by the placentee are still further 
, led by the funiculi till they attain the apex of the embryo-sac. A 
direct influence makes itself felt at the same time from this latter, 
which effects the direction of growth of the apex of the pollen-tube. 
It can be assumed that the synergidee secrete a definite substance 
which acts as a stimulus upon the pollen-tube. The caps of 
the synergidee, on account of their soft consistence, oppose little 
resistance to the escape of the secretion. Where the caps of the 
synergidee are specially strongly developed, they appear besides 
traversed by very fine canals, which conduct the secreted substance 
outwards. The synergidee in Torenia, as in others, bccomo dis- 
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organized after the entrance of the pollen-tube, and take on the 
strongly refractive appearance already known to us. For the 
study of the further stages of development of the embryo, etc., this 
object is not favourable. 


NOTES TO CHAPTER XXIX. 

^ Goebel, Grundzuge d. Syst.y etc, p. 417. Liirssen, Grundz. der Botanik, 
p. 356. Med, Pharm. Bot., Bd. II., p. 244. Prantl, Lehrbuch der Botanih, 4th 
edit., English edition by Vines, p. 204. 

2 Strasburger, Befruchtung und Zelltheilung, pp. 34, 35, 

* The same, p. 66. 

* The same, p. 64. 

* The same, p. 62. 
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CHAPTER XXX. 
STRUCTURE OF THE SEED OF ANGIOSPERMS. 

Material Wanted. 

Flowers and seed-pods of various ages of the Shepherd's Purse {Ga/p' 
sella Buraa-pastorls). March to November. Fresh, also in alcohol. 
The same of the Water-Plantain {Alisma Plantago), June to August. 
Ripe seeds of the Castor Oil plant (Bicinua communis). 

We will now endeavour to make ourselves acquainted with the 
structure of a ripe seed, and to give especial attention to the embyro . 
which it contains. As a comparatively favourable plant, we select 
one of the Cruciferse, Gapsella Bursa-pastoris [the shepherd's 
purse], a plant which has been very commonly made use of for 
embryological studies.^ Its seed is comparatively small, but 
provides special advantages for developmental investigation. For 
this reason therefore we will endeavour to overcome the difficulty 
that the cutting of the ripe seed presents. It is advisable first of 
all to prepare a median longitudinal section through the seed, as we 
want to know what the object looks like, the development of which 
we are about to study. This section presents no insuperable dif- 
ficulty, if we have fresh seeds at our disposal, in preparing between 
the fingers. It is still easier if we place the seed between two flat 
pieces of cork, and draw the razor between them. Or the seed can 
be fastened with gum in the desired position between two pieces 
of soft lime or poplar wood, and after it is dry the sections made 
through wood and seed at the same time. Or the seed can be 
embedded in a drop of gum, to which a little glycerine has been 
added, at the end of a piece of elder pith, and after drying, gum 
and seed can be cut at the same time. 

The sections, in whichever way prepared, should be examined in 
glycerine, as water makes the embyro swell, and come out of the 
testa. The embyro (Fig. Ill, -4), fills up the entire seed; it is bent 
at its mid-length, so that the cotyledonB (c) lie alongside the hypo- 
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cotyledonary axis, or hypocotyl (h) [le. are incumbent]. (Com- 
pare the figure.) This disposition is characteristic of [several 
tribes of the CrucifersB, by some systematists collected into] the 
section NotorhizesB, and may be represented by the sign | | Q 
[Another characteristic method of folding of the embryo in Cru- 
cif ersB, is where the hypocotyl is folded over and applied to the 
edges of the cotyledons. This is called accumbent, and may be 
expressed by the sign ZZ O- They may Hkewise be represented 
^y C C H and g H respectively.] If the section is delicate and 
has cut the seed perfectly in the centre (as in the adjoining Fig. A), 
we see at the base of and between the cotyledons the small grow- 
ing apex of the stem [the plumiQe], and can also see, at the lower 
end of the hypocotyl, the axis closed by the radicle covered by a 
root-cap only a few cells thick. There is no endosperm to be seen ; 
the embryo is immediately 
surrounded by the skin of 
the seed — the testa, [and is 
therefore said to be exal- 
. bnminoxis] . If we use a 
somewhat higher magnifying 
power, we can determine 
that this testa (Fig. Ill, B) 
consists of three layers of 
cells. The innermost layer 
(a) is composed of cells with 
comparatively little thickened 
and almost colourless walls, 
and with granular contents. 
Addition of iodine shows us 
that these grains are coloured 
yellow-brown, and are there- 
fore aleurone. Outwardly follows a second layer (c), the cell- 
walls of which are coloured deep brown, and on the inner side 
are very strongly thickened. The outermost layer of cells ap- 
pears in concentrated glycerine as a colourless, apparently homo- 
geneous membrane ; its cells are strongly flattened, and thickened 
ulmost to the obliteration of the lumen. Between the innermost 
and the second outer layer is often to be distinguished a crushed 
layer of cells, appearing like a single membrane. — If we examine 
the testa from the outside, we easily recognise the contour of the 
polygonal cells of the external tabular layer. These cells have 




Fift. 111.— Cafsella Barsa'paB^oris. A, longi- 
tndinal section through a ripe seed ; h, hypo> 
cotyl: c, cotyledons; v, flbro-vasal bundle of 
the funiculus ( x 26). B, part of a longtitudinal 
section through the testa, after the action of 
water ; e, the swollen epidermis ; c, the brown 
strongly thickened layer ;* • the crushed layer of 
cells ; a, the aleurone layer ( x 240 }. 
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their more internal portions partly separated by intercellular 
spaces full of air. In the middle of each cell is to be distingi^ished 
a weakly defined more strongly refractive portion. The walls of 
the next inner layer of cells are brown, strongly thickened, the 
cells themselves only a little smaller than in the outer layer. 
Considerably smaller, on the other hand, and weakly thickened, 
are the cells of the third, alenrone-containing, layer. — If we now 
allow water to run into the section from the edge of the cover- 
glass, we see, in the cross-section, the cells of the outer layer rapidly 
swell ; each bulges strongly outwards ; at their centre a highly 
refractive column is noticeable. The lumen is now hardly dis- 
tinguishable ; the entire cell is filled by the thickening layers of 
the wall, and in all cases the outer thickening layers are weakly, 
the internal strongly refractive. These internal thickening layers 
form the striking central colamella, which now shows up very 
strongly on the surface of the seed, while at the same time the 
mtercellular spaces between the cells disappear. The swelling 
walls usually show clear lamination. With further addition of 
water, the cuticle of the cells is ruptured, and the outer thickening 
layers come out, diffusing in the surrounding water as invisible 
mucilage. The refractive columella remains behind, marking the 
centre of each cell (Fig. Ill, jB, at e). It has increased not incon- 
siderably in size ; at its apex can be seen the relics of the dissolved 
thickening layers. In the same way the lateral middle-lamellas 
of the cells remain, and, as they do not swell, show now a much 
less height than the columelleB. All this can be seen in our Fig. 
Ill, J5, which represents the testa after the action of water. These 
phenomena of swelling can be observed more quickly if the section 
is first examined in alcohol, and then water run in. This muci- 
lagination of the thickening layers of the outer cells of seeds and 
mericarps* is a comparatively common phenomenon, which facili- 
tates the sticking of the seed to foreign objects, and therefore serves 
in their transport and dissemination, and on the other hand has 
as a result, the firm retention of water on the surface of the seed. 

As the section-cutting of ripe seeds presents some difficulty, we 
can, so far as informing ourselves about the position and structm^e 
of the embryo is concerned, prepare the sections from seeds which 

• Mericarps^ the segments of fruits which, like the Pelargonium (Geraniam), 
Cranes* Bills, and Parsley Worts, do not dehisce to let out their seeds, but spht 
up bodily into seed-containing segments. Hence these fruits are called schizo- 
carps— splitting fruits. [Ed.I 
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are not quite ripe, and far softer, and only study the testa upon 
fully ripe seeds. In this we can go back to younger stages, and 
at first lay the entire ovule in potash. These ovules can be be^t 
obtained by halving the seed-vessel in its entire length, and then 
removing the ovules from each half with the scalpel. The ovules, 
almost to the fully ripe stage, can be made so far transparent that 
we can inform oui'selves suflBlciently as to the position of the 
embryo. The embryo goes a beautiful green in potash, which 
arises from the swelling of the starch-grains, so that the chloro- 
phyll-grains become visible. Proceeding to progressively younger 
ovules, we see that the embryo (and at first especially its coty- 
ledons), becomes continually shorter. It continually withdraws 
further and further from the lower, outward-bent, half of the 
embryo sac. Ovulea from fruits which, without stalk, measure 
■J- inch in height, show the embryo as a small body of cordate form. 
The two divaricating anterior protuberances are the rudiments of 
the cotyledons. If we trace back the various stages of develop- 
ment of the embryo, we can at the same time determine that 
endosperm is formed only at the two ends of the embryo-sac, and 
appears especially at the chalazal end as a small green-coloured 
mass of tissue. The latter is -not reached and absorbed till the 
seeds are well-nigh ripe*. We can also see that the testa proceeds 
from the two layers of cells of the outer integument, and the 
inner cell-layer of the inner integument. This latter layer is 
easily distinguished by its richness in contents. The one or two 
layers of cells lying between this innermost layer and the outer 
integument are gradually pressed back and crushed, so that they 
ultimately form only the compound membrane lying between 
the second and third layer of the testa. [If unripe seeds of various 
ages are laid upon an object- slide in a drop of glycerine, and 
covered with a cover-glass, and then subjected to carefully con- 
trolled pressure with the handle of the needle-holder, the ovules 
will burs't, and the often uninjured embryo will come out. This 
process is effective with embryos from a very young state up to 
those that are well-nigh fully formed.] — In order to inform our- 
selves as to the structure of the egg-apparatus in the ovule at the 
receptive period, we must have recourse to alcohol-material, which 
we make transparent to the desired degree by careful addition of 
potash. We can thus state the presence of two synergideB, and an 
oosphere, in the egg-apparatus, while the antipodal cells are very 
difficult to see. The structure of the ovule is easy to follow fresh, 
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in pure water, or with a trace of potash added to make it still 
more transparent. The ovule is campylotropous, i,e,, its nucellus 
and embryo-sac, as we have already seen in later stages, are 
curved. The outer integument consists of two 'layers, the inner 
in its upper part has two, further in has three layers. The 
nucellus at this stage is already absorbed, so that the embryo-sac 
is directly in contact with the inner integnifient. The funiculus is 
pretty long ; it is traversed by a fibro- vasal bundle, which ends in 
the chalaza, and is still visible even in the ripe seed (Fig. 111,^1, v) 
Very beautiful, in the next older stages, especially after the addi- 
tion of potash, are the views one gets of the rudimentary embryo. 
We can see that the fertilized oosphere [oospore] grows into a 
thread-like pro-embryo, about six cells long ; the uppermost cell, 
i.e., that most removed from the micropyle, rounds off into a head- 
cell, the embryo-cell, [the other cells collective form the snspensor,] 
while the lowermost cell of this embryo-bearer or suspensor, the 
attaching-cell, swells at the same time bladder-like, absorbs the 
entire nucellar tissue up to the integument, and forms the bladder 
which we find at this place even in the ripe state (comp. Fig. Ill, 
A). This swollen cell may serve to help on the absorption of nutri- 
ment for the embryo. The tissue of the chalaza swells consider- 
ably at the «ame time, and the cell-contents become dark-coloured. 
-. Soon we see there the green endosperm-cells, which in smaller 
number surround the rudimentary embryo at the micropylar end 
also. In such preparations we can determine that the swollen 
globular embryo- cell is already separated from the suspensor by a 
partition wall, and soon after is divided by a longtitudinal wall, 
at right angles to which follows a second longtitudinal wall, and 
then at its mid height a cross- wall. The globular embryo thus 
appears divided into octant-cells, in which are subsequently formed 
periclinal and anticlinal walls. The globular embryo increases in 
size and in number of constituent cells, flattens somewhat, and 
then from its anterior end the cotyledons grow out. These at first 
are in contact at their base, and then subsequently the growing 
point or plumule of the stem bulges out between them. [All of 
these stages can likewise be followed in fresh material, and in situ, 
by laying the ovules in glycerine, covering with a cover-glass, and 
then carefully heating over a spirit or gas-flame. The ovule is 
thus made transparent, and the embryo clearly visible.] 

For the study of the monocotyledonous embryo we select the 
common Water Plantain, Alisma Flantago,^ This object is, in fact, 


SEED OF ALISMA. 


343 


highly suited to this kind of investigation, and is therefore very 
commonly nsed for it. First of all we will make ourselves familiar 
with the fully- developed state. The flower of Alisma Plantago 
contains numerous monocarpellary pistils ; it is apocarpous [much 
resembling in this respect the Ranunculacees] . From each flower 
therefore proceed numerous fruits, which are closely pressed 
together [in a single whorl] into a collective fruit [a dry etOBrio] 
of triangular outline. Each individual ripe carpel [achene] is 
strongly flattened [laterally], somewhat thicker above, obovate in 
profile, with a median dorsal groove. At about mid-height of each 
achene, on its internal edge, is a short thread-like outgrowth; repre- 
senting the withered 
style [which, therefore, 
is ventral]. For fur- 
ther investigation we 
select an almost ripe 
etoerio, place a single 
achene between the two 
halves of a split cork, 
and draw the razor be- 
tween these two halves, 
we shall thus, without 
trouble, obtain tolera- 
bly median longitudinal 
sections ; while cutting 
between the fingers 
presents difficulties, as 
the testa is so hard. 
At the same time we 
will prepare some 
cross-sections in the 
ordinary way, between 
two pieces of cork. 
The longitudinal sec- 
tions we examined in 
water, to which we add a little potash. For the cross-sections 
pure water suffices. For the study of the testa upon the longi- 
tudinal sections the air must be driven out ; for this we can either 
lay the sections for a short time in alcohol, or else place them 
under the air-pump. We also lay some longitudinal sections in 
carbolic acid, and in this way obtain figures which supplement the 



Fio. 112. — illisTna Plantago. Median longitudinal 
section thix>ngh a ripe achene. ep, epicarp (epidennis); 
m, mesocarp ; en, endocarp of the wall (pericarp) of 
the fruit ; v, a fibrovasal bundle in this ; v *, the end of 
the flbro- vasal bundle; »U the withered style; t, the 
pollen-passage ; /, funiculus of the seed, with its fibro- 
vasal bundle /v; mp, micropyle; ch, chalazal end; U* 
the testa; hp, hypocotjl of the embryo; fi, first leaf; 
cl, cotyledon ( x 23 >. 
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others in the most satisfactory way. The longitudinal section, if 
correctly cut, presents the appearance of the adjoining Fig., 112. 
We have first a comparatively thick wall to the fmit, the pericarp, 
which in its surface is covered hy the epidermis (ep) , This is, as our 
median longitudinal section teaches us, a pretty sharply delimited 
part of the pericarp, and is therefore distinguished as epicarp. 
To the epidermis follows a parenchymatous tissue of approxi- 
mately isodiametric cells, strongly thickened, filled with air, and 
without intercellular spaces ; this forms the mesocarp (m). Intern- 
ally follow several layers of elongated sclerenchymatous elements, 
and represent the endocarp (en) . A perfectly median longitudinal 
section cuts, at the back of the testa, a mucilage-passage adjoining 
• the epidermis, which is, however, only to be seen well in an unripe 
testa ; in a ripe one, on the other hand, it appears almost empty, 
and can scarcely be distinguished from the neighbouring tissue. 
Longitudinal sections not truly median may, on the other hand, 
expose a fibro- vasal bundle (?;), which, lying close to the sclerenchy- 
matous endocarp, passes up at the back of the fruit, in order to 
end in the lower half of the ventral edge (at v*). Under the place 
of insertion of the withered style {at) projects the ventral edge 
of the epicarp, which is here formed of elongated cells. Adjoin- 
ing these towards the interior we see, in favourable cases, an air- 
passage (t) which, continuing the pollen route through the style, 
can be followed to the base of the cavity of the ovary. This is the 
passage by which the pollen-tubes arrive at the micropyle. As the 
ovules turn their micropyles to the dorsal edge of the ovary, the 
pollen-tubes, after entering the cavity' of the ovary, grow round the 
funiculus. — Epi-, meso-, and endocarp are even ea4sier to recognise 
in cross than in longitudinal sections; and the furrow in the 
middle line of the back is now specially noticeable. The seed 
almost completely fills up the cavity of the ovary, as the median 
lon^tudinal section through the fruit proved, and is fixed in the 
central position at the base of the cavity of the ovary by a 
tolerably long, bent funiculus (/). A fibro- vasal bundle enters into 
this funiculus. The seed is campylotropous, and completely filled 
by the embryo. As testa {ts) only a thin skin is present, consist 
ing of two clearly distinguishable layers of cells. Between the two 
we see here and there also a third crushed layer, which comes out 
more clearly after swelling in potash. The inner layer of cells of 
the testa is strongly thickened on the inner side. The micropyle 
(m-p) is very prominent on the seed. The root-end of the embryo 
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lies directly against this on the inside. This root- end is somewhat 
swollen, and projects in the middle in the form of a papilla. If 
the section has ent the embryo quite centrally, we see that the 
papilliform projection is formed of two layers of root-cap, which 
at the edges pass over into the epidermis. At mid-height of the 
seed is to be seen npon the embryo an outward-turned narrow 
notch, in which lies the growing apex of the. stem [plumule]. This 
growing apex is enclosed in the cotyledonary sheath. Upon the 
apex arises a median, external (see figure, towards the left-hand) 
rudimentary leaf, which completely fills up the notch. The part 
found between this growing apex and the end, of the root is the 
hypocotyl. It is covered by the epidermis, shows three layers of 
cortical cells, regularly arranged into a cylindrical cover, and a 
median string of elongated cells which runs from the root-apex 
towards the growing point of the stem. These corti6al layers have 
only one layer of common initial cella at the apex. Over these 
runs the dermatogen, from which two layers of root-cap appear 
segmented. The central string, the plerome, is terminated by its 
own initials. The hypocotyl is prolonged into a cotyledon. This is 
bent, in proportion to the form of the ovarian cavity, tapers gently 
to its apex, and ends at the chalazal end of the seed. The cotyledon 
also consists of a cylinder of regularly arranged layers of cells, 
and is traversed by a central string of elongated cells. This string 
bends in under the growing apex of the stem, and joins with that 
of the hypocotyl (see figure). The cell-rows of the cortex as well 
pass over from the hypocotyl into the cotyledon with a gentle 
bend. Xhe cotyledon shows in its lower part, like the hypocotyl, 
three, higher up, corresponding with its 'diminution, two, and finally 
only one layer of cortical cells. The central string ends at some 
little distance from the apex of the cotyledon. In the ripe seed 
there is not a trace of endosperm. [This seed likewise is ex- 
albuminous.] The embyro itself has all its cells densely filled 
with starch. — The cross-section of the seed shows nothing new. It 
presents two cross-sections of the embryo at the same time, separated 
by a narrow strip of tissue which passes over into the inner cell- 
layer of the testa. The structure of the testa is more clear than in 
longitudinal sections. The cross-sections of the embyro show the 
concentric arrangement of the cortical layers very beautifully. 

The two angiospermous plants investigated by us offer us truly 
typical but extreme examples of embyro formation in dicotyledons 
and monocotyledons respectively; types which are far from 
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CHAPTER XXXI. 
THE FRUIT OF ANGIOSPERMS. 

Matebial Wanted. 

Ripe plum or cherry, and apple. Fresh. 

Ripe orange, and yonng orange ovaries of various ages, from the full- 
blown flower. Fresh. These can be obtained all the year round. 

One of the simplest possible cases, namely the formation of the 
capsule from the inferior ovaiy in Orchidese, we have already 
come to know ; [likewise an even simpler case in the achene of 
Alisma plantago ;'} in the following pages we will turn our atten- 
tion to some more complicated cases. 

. A ripe plum, Fruniis doTnestica, shows upon its surface a delicate 
covering of wax, the so-called " bloom," which in a surface view of 
the epidermis appears as a finely granular covering. The same 
view shows the epidermis composed of cells, which, combined into 
groups, betray clearly their origin from common mother-cells 
They contain rose-red cell-sap. A delicate cross-section shows us 
nnder the epidermis some layers of Cells rapidly increasing in size, 
and further in cells which remain uniformly large. These are 
rounded off from, one another, but form however only small inter- 
cellular spaces. They contain very small, scattered, yellowish- 
green chlorophyll-grains, a thin peripheral layer of protoplasm, a 
nucleus, and for the rest colourless cell-sap. This parenchymatous 
tissue is traversed by numerous branching fibro- vasal bundles. 
Towards the stone the parenchymatous tissue becomes smaller 
celled, radially elongated. The stone itself, which, in order not to 
break the razor, must be cut with the greatest possible care on 
a surface previously prepared with a strong pocket-knife, consists 
of very strongly thickened and lignified elements, the walls of 
which are traversed by beautifully branched canals. The history 
of its development shows that the stone belongs to the wall of the 
ovary, the pericarp ; and that the epidermis of the plum, the epi- 
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carp, arises from the epidermis of the ovary ; that the flesh of the 
fruit, the mesocarp, arises from the tissue of the ovary underiying 
the epidermis ; and the stone, or endocarp, from its inner tissue. 
The entire tissue of the plum, including the shell of the stone, 
owes its origin therefore to the wall of the ovary. Surrounded by 
the stone is the seed, consisting of the embryo, a delicate testa» 
and a remnant of the endosperm remaining between the embryo 
and the testa. K we cut it across we can easily distinguish the 
two cotyledons, lying flat together. A median longitudinal sec- 
tion of the seed shows us at its base, between the two cotyledons, 
the hypocotyl of the embryo, with its radicle projected into the 
pointed micropylar end of the seed, and between the base of the 
two cotyledons the bud or plumule. The embryo, during its in- 
• crease in size, has absorbed the entire tissue of the ovule, up 
to the very thin testa, from which still arises, quite close to 
the micropyle, the withered funiculus. Delicate cross-sections 
through the seed show us the testa composed of collapsed layers of 
cells, and covered on its outer side with rounded cells, thickened 
either only or chiefly upon the sides, bulging outwards, and stand- 
ing either singly or in groups. Between the testa and the cotyle- 
dons is a more or less thick layer of endosperm, here and there 
reduced to a single layer of cells, or entirely absorbed. Surface 
sections of the testa show us that the thickened projecting ele- 
ments are single cells or groups of cells of the testa. These have 
been thickened while their neighbours remain unthickened ; and 
as these latter collapse the former project. The pits, abundant 
upon the side walls, give to these cells an elegant appearance. 
Where two thickened cells are in contact, the pits come together. 
The history of its development shows that the testa arises from one 
integument of the ovule. Two ovules are present in the ovary, of 
which only one is developed further. [Such a fruit as the plum is 
known as a dmpe.] 

This description of the plum will, apart from unimportant dif- 
ferences, serve likewise for the cherry, which therefore can be 
investigated in the place of the former. [This enlarges the oppor- 
tunity of examination in the fresh state, since cherries or plums 
can be obtained, more or less ripe,' from April, or even earlier, till 
October, inclusive.] 

We will now make ourselves acquainted with the microscopical 
strubture of an apple (Pyrus Maliis). The apple, like the plum 
and cherry, belongs to the fleshy ludehiscent fhuts ; while, how- 
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ever, the plum or cherry owes its origin to a superior ovary, 
formed from a single carpellary leaf, the apple arises from an in- 
ferior, five-celled ovary, composed of five carpellary leaves. How- 
ever, having regard to the relations which the nearly allied roses 
offer, we can assume that the five-celled ovary here is immersed in 
a hollowed flower-stalk, a so-called hypanthium [or receptacolar 
tube], and is adnate to this. Many reasons concur to render this 
conclusion highly probable. To describe the' apple or the hip [fruit 
of the rose] as a pseudo-fruit is at any rate incorrect, since the 
structure producing the apple differs in no way from the inferior 
ovary of many other plants. The apple is crowned at its top by 
^ve more or less completely shrivelled sepals, and also by the 
withered relics of the rest of the floral parts. Surface sections show 
the epidermis of the apple to be composed of comparatively small 
polygonal cells, upon which grouping, as a result of development, 
can still be recognised. The walls of the cells are pretty strongly 
thickened, their cell-sap either colourless or rose-coloured. The^ 
surface of the epidermis is covered with a finely granular cover- 
ing of wax. The small prominences, which are readily visible on 
the surface of the apple with the lens, are occupied in their centre 
by a stoma. The tissue under such a stoma is often dead, or else 
the epidermis is here ruptured, and the wound closed with cork. 
Thin cross-sections show us that the epidermis is strongly 
thickened on its outer side. Below it lie several layers of tan- 
gentially elongated cells, with tolerably thick walls, which, pass- 
ing inwards, gradually become larger and thinner-walled, and at 
the same time chlorophyll-containing. No sharp limit between 
epicarp and mesocarp is therefore present. The chlorophyll - 
grains are filled with starch ; their colour disappears towards 
the interior of the apple, they at the same time become less 
numerous ; at length, at a certain depth, the lai^e bladdery cells 
of the mesocarp contain, besides the delicate peripheral layer of 
protoplasm and nucleus, for the most part only colourless cell-sap; 
the intercellular spaces are here filled with air. Fibro- vasal 
bundles are scattered in the entire tissue. — The five cells, forming 
the " core," are covered each by a smooth, hard, cartilaginous mem- 
brane, the endocarp. This corresponds with the shell of the plum- 
stone. It consists of several layers of sclerenchyma-fibres, thick- 
ened almost to the obliteration of their cavity, and the thickening 
layers of which are pierced by fine pores. Surface sections show 
that these sclerenchyma-fibres slope irregularly, often are bent. 
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and in the different layers have oppositely inclined courses. The 
five cells often separate in the middle, forming a central cavity, 
into which the individual cells then usually open. At the base of 
each cell are inserted two ovules, of which both, or only one, pro- 
duce seeds, or of which commonly neither develops further. The 
seed is almost filled by an embryo of the same structure as the 
plum or the cherry. The brown testa, on the other hand, is 
much thicker than in the last-named plants. In cross-section it 
shows an epidermis, the cells of which outwardly are strongly 
thickened, the external layers colourless, and capable of strongly 
swelling, the inner brown-coloured and not swelling. In sections 
laid in water the swelling layers, increasing in volume, at length 
break through the cuticle, and project outwards like papillae. It 
is these which make the wet seeds slippery. The thick tissue 
underlying the epidermis appears in cross-section to be formed of 
polygonal cells, rounded at the angles, brown, and pretty strongly 
thickened, to which succeeds a layer of cells only about one-third 
so thick, tangentially elongated, but less strongly thickened. 
These border on a shining white, thick membrane. This last 
arises from the strongly thickened outer walls of the outermost 
layer of the nucellus ; the entire remainder of the testa comes from 
the outer integument of the ovule. The inner integument of the 
ovule is very early absorbed. The nucellar cells, the thickening 
layers of which appertain to the testa, are mostly collapsed, as 
also are the rest of the cells of the nucellus which are present. 
To this collapsed layer of tissue succeeds a thin layer of endo- 
sperm, which is also absorbed here and there, and, so far as it is 
present, sheathes the embryo. The eildosperm-cells are densely 
filled with alQurone-grains. As successive surface sections show, 
the epidermis consists of cells whibh are comparatively but little 
elongated, the inner thickening layers of which are porous. The 
tissue following the epidermis, which in cross-section appears 
isodiametric, shows now to be elongated in longitudinal direction 
and provided with obliquely mounting cleft-like pits. The ra- 
dially elongated inner elements of the testa are arranged at right 
angles to the preceding. 

The cross section throagh a ripe orange. Citrus vulgaris, [dr 
C. aurantiu7H,Y shows externally the part designated rind, and 
internally the cells filled with the orange-red flesh, the number of 
which cells is indefinite, and varies from 6 to 12. The cells are 
separated laterally by thin partition-walls, which combine into a 
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central column of tissue. If you wish to apply the customary 
designations of the parts of a fruit to the structure of this, we 
can speak of the outer rind as epic'arp,* the orange-red flesh as 
mesocarp, the inner column of tissue and the partition-walls as 
endocarp. We enter now into a microscopical investigation of the 
individual parts. In delicate cross-sections through the rind we 
see most externally a small-celled epidermis, to which adjoins a 
tissue of gradually enlarging cells. The epidermis and adjoining 
tissue contain orange-red chromatophores, which further inwards 
disappear. Intercellular spaces filled with air appear here between 
the cells, and gradually enlarge, since the tissue itself acquires the 
character of a looser spongy parenchyma. The elements of this 
latter are extended in the tangential direction. The rind is 
traversed by fibro- vasal bundles, which the cross-section lays bare 
chiefly in the direction of their long axis, and which branch to- 
wards the periphery. Adjoining the epidermis are the large glands 
of ethereal oil, visible to the naked eye. They show throughout 
the structure known to us from Buta, and allow the inner invest- 
ment of delicate cells to be readily distinguished. The fruit, 
observed macroscopically from the outside, shows the oil-glands as 
darker spots, the tissue separating them as a brighter net-work. 
— ^A delicate surface-section of the outer side shows us first the 
small polygonal epidermal cells. Those lying over the oil-glands 
are distinguished by a want of the orange-red chromatophores; 
they contain in place of them colourless globules of various sizes. 
Scattered in the epidermis are the stomata, devoid of protoplasm, 
and closed on the inner side. The next deeper sections give in- 
structive views of the oil-glands and terminations between them 
of the fibro- vasal bundles. Still deeper sections show the spongy 
tissue of elongated sac-like cells. Adjoining the loculi of the 
ovary the cells of the rind become still . longer, fibrous, iii part 
strongly thickened and then provided with narrow, obliquely 
mounting pits. The partitions between the loculi are constructed 
in the same way: in the interior, of spongy parenchyma; outwardly, 
of fibrous, in part thickened tissue. The spongy elements, found 
outside the loculi as well as in the interior of the partitions, easily 
fall out of union. The fibrous elements, on the other hand, appear 
pretty firmly connected together. The best view of these latter is 
obtained in surface view. We separate the contents of the loculi 
from one another in the customary way ; the spongy tissue sur- 
* This view is not generally held in England. [Ed.] 
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rounding the locnli is tlms torn, the fibrons layer remains, how- 
ever, as a delicate white sheath around the flesh of the fruit. If 
we now spread out such a sheath and examine it with strong 
magnification, we see it constructed of several layers of fibres, 
running parallel to the surf a<;e of the loculus and at right angles to 
its long axis. Between unthickened fibres are scattered others of 
similar form, thickened and pitted. — The flesh of the fruit consists 
of club-shaped sacs, of which it can be readily identified, even 
macroscopically, that they all arise from the outer side of the 
loculus. They are here inserted with a narrow base, and, crowded 
together, fill up the loculus. The more deeply they extend into the 
loculus the longer they are ; their course is radial, at right angles 
with the long axis of the loculus. Each individual club shows 
at its surface to be surrounded by a layer of closely-united elon- 
gated fibrous cells, just as we see them in the boundary of the 
loculus. Interpolated between these cells ai*e single ones, more 
strongly thickened, and provided with obliquely ascending pits, 
The interior of the clubs is, however, filled with very large, poly- 
gonal, delicate- walled cells, full of sap, in the interior of which are 
visible spindle-shaped, very narrow, orange-red chromatophores. 
The central core of tissue, in which the partitions come together, 
is ^rmed of the same spongy parenchyma as in the internal part 
of the rind. — In " quartering " an orange we free, as we see, the 
contents of the loculi, surrounded by the fibrous layer clothing 
each loculus, which is easily separated from the spongy paren- 
chyma. This fibrous layer can now be very easily separated from 
the sides of each " quarter," with more difficulty from its outer 
surface, because here the sacs of the flesh are joined to the fibrous 
layer. In the flesh the seeds lie embedded in uncertain number. 
They occupy the inner edge of the sections, turning their place of 
insertion inwards. In isolating the sections the seeds are separated 
from the placenta ; usually, however, portions of the inner core of 
tissue, together with the placentsd, cling to the inner edges of the 
sections. 

As the orange trees of botanical gardens, etc., readily provide the 
required material, in the way of fruit in all stages of ripeness at 
the same time, we will endeavour to trace out the development of 
this fruit, stopping, however, at only the most important stages. 
The cross-section through an ovary taken from a flower shows 
already a pretty thick wall, having oil-glands in its periphery, and 
also a strongly developed central core, while the loculi appear 
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comparatively small. The ovules are inserted in two rows in the 
inner angles of the loculi, and with their long axis arranged 
radially outwards. The loculi are clothed with epidermis, which 
is bounded by two or three layers of a tissue without inter-spaces, 
while further in the tissue has air-containing intercellular spaces^ 
From the outer surface of each loculus small protuberances 
already project inwardly ; in their formation the internal epidermis 
and the next succeeding cell-layer take part. The cross-sectioij- 
through a s^mall rudimentary fruit of about ■{- inch diameter shows 
in the place of the small protuberances cylindrical, small-celled 
emergences, which extend to various depths in the loculus, and 
have already begun to press in between the rudimentary seeds. 
Their epidermis is continuous with that of the loculus, while their 
inner cells pass over into the hypodermal tissue surrounding the 
loculus. Individual emergences remain at an earlier stage of 
development, and the cells of their surface grow out into papillae. 
The older now the rudimentary fruits we investigate ai'e, so much 
the longer are the sacs which fill up the enlarging loculi. The 
loculi, however, at first always remain very small in proportion to 
the rapidly thickening rind, in the periphery of which the number 
of oil-glands undergoes corresponding increase. The fiesh-sacs 
now begin to swell into a club in their upper part, their epidermis 
to elongate in the long direction of the sac, while the inner cells of 
the sac by successive cross-division remain isodiametric. More- 
over a highly refractive, yellowish content distinguishes the inner 
cells of the sac from its epidermis. A notable elongation parallel 
to the surface of the loculus is undergone also by the epidermis 
clothing the loculus, and the layers contiguous to it, which were 
early distinguished by the want of interstices. All this is already 
completed in a rudimentary fruit of from t to f inch diameter, 
and the important stages of development are therefore cleared up, 
for the sacs now only need further to enlarge, and to differentiate, 
in order to attain the stage already known to us in the ripe fruit ; 
from the epidermis of the loculus and the tissue adjoining it, 
proceed however the fibrous layer surrounding the segments of 
the fruit ; the tissue of the central core, and of the rind, which 
already contains air, produces the spongy parenchyma ; in the 
periphery of the rind the oil-glands are in course of progressive 
development, and the layers which now contain chlorophyll will 
later contain the orange-red chromatophores. 

Cross-sections through an ovary taken from a flower, treated 
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with poiiasb, easily show ns ovnles^ in median longitudinal 
section. The ovules are anatropons; we determine upon them 
the existence of two thick integnments, of a nncellns, and, in 
perfectly median sections, also a small embryo-sac. Pollination 
and fertilization in the orange are separated by about four weeks. 
To study the processes of fertilization offers difficulties; if we 
turn, however, to the rudimentary seeds of a fruit about ^ inch 
thick, we can easily, in longitudinal sections prepared between 
the fingers, find in the apex of the embryo-sac the still few-celled 
rudimentary embryo. The nucellus is hollowed in the form of a 
funnel, and the way by which the pollen-tube has passed into it is 
marked by small cells rich in contents. Of the inner integument 
the innermost layer of cells is distinguished by their brown colora- 
tion, and the small size of the elements. The inner integument is 
only a few cells thick, while the outer has considerable thickness. 
Upon this latter the epidermis begins to fill with finely granular 
contents, and to thicken on the outer side. If the rudimentary 
seeds have attained a length of from -J- to -J- inch, a very peculiar 
phenomenon is to be observed in them. In the immediate 
proximity of the apex of the embryo-sac, — or, now and again, 
even at a considerable distance from it, — projecting protuberances 
show themselves in the hollow of the' embryo-sac, which clearly 
are traceable to luxuriant growth of the surrounding nucellus. 
In this way in Citrus, as in a number of other Angiosperms; 
adventitioiLB embryos are produced, besides the fertilized embryo. 
Median longitudinal sections through the next older rudimentary 
seeds show us the same kind of rounded rudimentary embryos, in 
different stages of development, projecting into the embryo-sac, 
and with especial frequency at its anterior end. Here and there 
we can make out that the embryo developed from the oospore 
has likewise further developed. The formation of endosperm 
quickly follows, and on longitudinal sections through the next 
older rudimentary seeds we find the embryo-sac completely filled 
with endosperm. Into this latter the young embryos are pushed, 
and some of them soon begin to produce their two cotyledons, 
and to assume the typical form of the dicotyledonous embryo. 
The nucellus is absorbed by the embryo-sac up to the outermost 
layers of cells. Of the outer integument the epidermal cells have 
elongated considerably in longitudinal direction, and at the same 
time increased in height. The thickening of their outer walls has 
gone on very strongly. The other tissue of the outer, as well as 
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that of the inner integument, have, on the other hand, undergone 
no important chai^ge. As we can make out upon still older 
rudimentary seeds, the embryos soon begin to be impeded in 
their development; one or more get the upper hand, and, after 
all the endosperm has been absorbed, fill up the embryo-sac. The 
longitudinal section through the ripe seed then shows either one 
or several embryos pressed together ; besides those fully developed 
are also some incomplete and imperfectly developed, Polyem- 
bryony in the orange is therefore dependent, not on the presence 
of several oospheres in the embryo-sac, all capable of fertilization, 
but on the formation of adventitious embryos. The testa consists 
of the outer cell-layers of the nucellus, densely filled with contents, 
and of the two integuments. The limit of these two towards one 
another is obliterated, while on the other hand the innermost layer 
of the inner iutegument is well marked by its brown colour. The 
epidermis of the outer integument has attained considerable height, 
and is thickened on its side walls also by newly formed obliquely- 
pitted thickening layers. The thickening masses laid on out- 
wardly swell with lying in water, and give the seed its slippery 
mucilaginous surface. The last produced, inner thickening layers 
increase in volume in their upper parts, and project outwards like 
papill89. 


NOTES TO CHAPTEB XXXI. 

1 Compare Poulsen, BotanUka Notiser utg. of Nordstedt, 1877, p. 97, where 
the other literature is given. 
3 E. Strasburger, Jan, Zeitsch.f, Naturw., Bd. XII., 1878, p. 652. 
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CHAPTER XXXII. 
CELL-DIVISION AND NUCLEAR DIVISION. 

Material Wanted. 

Young flower-buds of Tradescantia Virginica, or allied species, June 

to August. Fresh. 
Flower-buds of various ages of some Liliaceous plant, such as 

Fritillaria Persica, or other species. Tulip, Lilium, etc. Fresh. 

Also the same in absolute alcohol. 
Flower- buds, various ages, of a Eanunculaceous (such as ReUehorvs 

fostidua) or Papaveraceous plant. Fresh. 
Cladophora glomercUa. Fresh. 
Old intemodes of Tradescantia Virginica, May to September. Fresh 

or in alcohol. 
Stems, about f inch thick, of the Buckthorn, Bhamnus Frangala, 

l^HK best and most certain object upon which to follow easily 
the division of the nucleus and the cell,^ is the staminal hairs of 
[the Spider-wort,] Tradescantia Virginica^ already known to us, 
or of some nearly allied species. We must observe the hairs, 
however, in a stage of development, in which they are not yet 
fully formed, and are found in active cell-multiplication. For 
this purpose we take for investigation flower-buds, which, without 
stalk j measure between \ and \ inch in height. We open these 
buds, and first pull off the anthers from the filaments with fine 
forceps. Then with the scalpel we make a cut across under the 
insertion of the ovary and the filaments, and lift this part entire 
out of the bud. We lay it in a drop of 3 p. c. solution of sugar, 
and then separate the filaments from their foundation with needles 
under the simple microscope. The ovary, ^nd all the rest of the 
body of the flower, is removed from the preparation. We can 
observe the preparation directly upon the object-glass, as it 
remains alive under the cover-glass for a considerable time, and 
admits of the use of the stioagest objectives. Or we place the 
preparation [in a drop of the sugar solution] on a cover-glass, 
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which we then lay upside down upon the edges of a moist 
chamber. We can thus retain the hairs in developmental con- 
dition for a half day or more, although the hairs, lying deeper 
in the suspended drop, will not admit of such high powers. In 
general we must take care, therefore, that the suspended drop is 
spread out flat. 

The resting nucleus appears finely punctate (Fig. 113, 1, 
bottom cell) ; but examined with stronger magnification, or in 
cells which have been brought somewhat under the influence of 
the surrounding fluid, we see that the minule granules are not 
isolated, but closely connected into rows, forming fine threads 
wound in and out : the entire nucleus represents a network or 
framework enclosed in a delicate membrane. Between the coils 
of the thread are distinguishable several niLCleoli of various sizes. 
The nucleus is surrounded by a little protoplasm, which is con- 
nected with the peripheral protoplasm by plasmic threads. This 
protoplasm contains, besides the scarcely distinguishable [micro- 
somata or] microsomes, strongly refractive grains — leucoplasts. 
The nucleus getting ready for division increases in size, and from 
its fine framework forms gradually a coarsely granular thread. 
The nucleus then begins to elongate, and the coils of its thread 
arrange themselves in oblique direction, approximately parallel 
to one another (Fig. 113, 2), At the same time the cell-plasma 
begins to collect at the two poles of the nucleus. We can easily 
observe all these progressive changes in one and the same cell, 
but this requires a comparatively long time [and continuous, or 
only briefly interrupted, observation]. The grains in the threads 
then become indistinct, this assumes gradually a homogeneous 
aspect, and lays its coils in definite fashions which are not in 
all phases easy to follow. In cells which are dying, the nuclear 
figures become for a short time clearer. Hence we can conclude 
from numerous observations that the coils, in the first place running 
obliquely, are folded in the equatorial plane of the nucleus, and 
at the same time are placed parallel to its long axis. The nuclear 
thread then segments .at the places where it is folded, alike at 
the poles and the equator, and the nuclear figure then consists 
of individual pieces of thread which are bent in the equator like 
a hook. The next rearrangements are again uncertain. First 
sharply defined is the sta.ge in which the thread-segments show 
themselves as separated into two bundles of straight segments, 
approximately of equal length, with their ends coming together 
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in the equator (5). If these daughter- segments ai'e speciallj 
long they bend at their polar ends into a hook. The daughter- 
segments are equally nujnerous in the two opposite bundles. 
Since the stage in which we saw the coarsely granular, obliquely 
arranged threads (2) about an hour may have passed away. The 
segments appear almost homogeneous ; but with stronger magni- 
fication we can recognise slight constrictions on the surface, which 
betray its construction out of successive discoid pieces. With 



FiK* 113.- TradeacanHa Virginiea, ProceBses of division in the cells of the staminal hairs. 
Fig. 1, with a resting nucleus in its lowest cell, and an upper cell which has just divided. 
Fig. 8, with a coarsely granular nucleus showing oblique striation. Figs, d-ii, successive 
stages of division followed in the same cell; 3, about 10.10 o'clock; 4,10.20; 6, 10.25; 
6, 10.30; 7, 10.35; 8, 10.40; 9, 10.60; 10, ll.lQ; 11, 11.30 (x 610). 

limited time we choose this last stage as the first for continuous 
observation. We have now to look for the separation of the 
two nuclear halves in the next few minutes, and this proceeds 
so quickly that we can see it take place. The two nuclear halves 
remove from one another in the longitudinal direction (4). Five 
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minutes later, the two nuclear halves are a noticeable distance 
from one another (5). The daughter- segments do not always 
separate from one another simultaneously, many remain behind 
and then hasten after the others. At the same time we see the 
daughter-segments, during their movement apart, bend at the 
poles, becoming according to their position somewhat shorter and 
correspondujigly thicker (5). Between the nuclear halves remains 
a substance, transparent as glass, which is quickly increased in 
quantity by the immigration of the plasma-masses previously 
collected at the poles (5 and 6)» In this transparent central mass 
a finer structure is not noticeable, but we can make out later 
that this mass is in fact differentiated into threads. It assumes 
gradually a barrel shape. From 25 to 30 minutes may have 
elapsed since the commencement of the separation, and we see 
appear in the equatorial plane of the central mass dark points 
arranged in rows. In the next moment these points fuse together, 
and we notice in their place a sharply defined dark line, the 
young partitiojDL wall. This has therefore proceeded from the 
small granules. These latter are microsomes, and form what we 
distinguish as .the cell-plate. In the middle transparent proto- 
plasmic substance, and at like distance from the two nuclear 
halves, a cell-plate is therefore first produced, and from this pro- 
ceeds the young partition wall. If the central, barrel-shaped 
plasmic body has been formed so broad that it fills the entire 
cross-section of the cell, we see the partition wall at once joined 
on all sides to the wall of the mother-cell. If, on the other hand, 
the plasmic mass does not occupy the entire cross-section, it in 
all cases adjoins one side of the wall of the mother-cell, and we 
see it now, after the young partition wall has been formed on this 
side, move about inside the cell, so as gradually to come into 
contact in all directions with the wall of the mother-cell, and 
thus complete the parts of the edges of the partition wall which 
are still wanting. The central- body withdraws therefore a little 
from the partition wall which is already present, and completes 
the parts which are wanting by forming cell-plate sections in their 
positions (7-9). During these processes we see the daughter- 
segments bend at their equatorial ends round towards the interior 
of the nucleus (7, 8). The ends of the daughter-segments in this 
way come ultimately into lateral contact, and fuse together. 
Then once more only a single nuclear-thread is present, forming 
a coil. The nuclear- thread in the daughter-nuclei now again 
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begins to become finely granular, and, with stronger magnification, 
we note that it begins to change into a thin thread, bent zigzag 
to and fro (Fig. P, and the upper cell of 1) . The coils of this 
thread become longer, produce loops constantly increasing in 
number, these ultimately anastomose, and so form gradually 
(10 and 11) the stage which formed the starting point of our 
observations. At the same time the two danghter-niiclei increase 
in size, an^ we assume that they are nourished at the expense 
of the surrounding cytoplasm. They approach slowly nearer to 
the newly4ormed partition yraAl. About an hour and a half after 
the commencement of the separation the formation of the daughter- 
nuclei- is complete, and even nucleoli are visible in them (ii). 
— Treatment with reagents gives, in the hairs of Tradescantia, re- 
sults of little advantage. They are best* fixed by 1 p. c. acetic acid, 
so that we can make use* of acetic methyl-green in order to stain 
them at the same time. "We can thus easily make out that the 
barrel- shaped mass of plasma, lying between the two nuclear 
halves, in which the partition wall is formed, and which appear 
clear as glass in the fresh state, really consists of threads, which 
join together the two rudimentary daughter-nuclei* We designate 
these threads as connecting threads ; the innermost have a straight 
course, the rest describe curves so much the more marked as they 
approach the edge of the system. The granules which form the 
cell plate, in case the proper stage is fixed, are very clearly visible, 
and appear with stronger magnification as equatorial swellings of 
the individ^fal connecting threads. 

In order quickly to obtain nuclei and cells in a fixed condition 
in the dividing state, we take for investigation the pollen mother- 
cells of the Monocotyledons. Especially to bo recommended are 
many Liliaceae ; as Fritellariay Liliurriy AlstrceTneria, which possess 
especially large pollen mother-cells and nuclei. These genera 
stand so closely together in their relations that they can mutually 
replace one another. As we shall base our descrii^tion upon 
Fritellaria Persica, we now state expressly that almost any species 
of Lilium and Alstrosmsi-ia, and indeed most Liliaceae and Ama- 
ryllidaceBB can replace it. It is at any rate of great advantage to 
select plants that unite in their inflorescences numerous flowers 
becoming successively ripe. Which buds conceal the desired 
developmental stage of the pollen mother-cells, we must find out 
by testing. We open a very young flower bud, take out an anther 
with the forceps, place it in a drop of acetic methyl-green, or 
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acetic gentiana- violet, lay a cover-glass npon it, and press iipon 
it with a flat object, till the anther-cells are flattened and their 
contents evacuated. The evacuated contents are immediately 
flxed by the acetic acid and stained by the methyl-green or 
gentiana- violet, and we can see at once whether we have before 
ns resting nuclei, or in a state of division. If the pollen mother- 
cells are already divided "into four daughter- cells, or the young 
pollen-grains are already separated from one another, we must 
go back to younger flower buds. Whether we have to do with 
young pollen-grains, or with pollen mother-cells, we can easily 
recognise by the thick colourless walls of these latter. We go 
back to continually younger buds until we can see in the nuclei of 
the, as yet, thin- walled and connected mother-cells a fine thread- 
like coil, and a flat nucleolus lying against the wall of the nucleus. 
At this stage of the development the coiled thread contracts under 
the influence of the reagents, withdraws (Fig. 114, a) from the 
nuclear wall (this latter remaining uncoloured), and we can 
determine that this wall is a membrane formed by the surrounding 
cell-plasma (cytoplasm). The nucleolus we will he;*e distinguish 
as a lateral nucleoliis (paranucleoliis), because it occupies a 
peripheral position, and moreover otherwise comports itself some- 
what differently from the ordinary nucleolus. This paranucleolus 
is characteristic of the nucleus of all pollen and spore mother-cells. 
The " coil " condition above observed has developed from that of 
the resting nucleus, which we should find in still younger flower 
buds, and which, just as we are accustomed to find it in the 
resting-nucleus, shows a fine framework and several nucleoli. 
With the coiled thread and paranucleolus we have reached the 
preparatory stage for cell-division, so we now pass step by step 
to older flowers. To fix them for the purpose of study we can 
either use acetic or formic methyl-green, or acetic or formic iodine- 
* green, or acetic or formic gentiana,- violet, or lastly picro-nigrosine. 
All these media fix immediately, and each has special advantages, 
so that we can with profit test them all. Preparations stained 
with gentiana- violet or with picro-nigrosine can be preserved in 
glycerine without decolorizing. — As a characteristic next succeeding 
state we meet with that (6), in which we see lying in the enlarged 
nuclear hollow, against the nuclear wall, segments of the nuclear 
thread, aboiit 12 in number. These pieces of the thread appear 
distributed pretty uniformly on the nuclear wall. Th6y are exclu- 
sively stained by treatment with acetic methyl-green, while the 
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nuclear hollow appears colourless. This latter, provided we have 
cut a comparatively young state, contains only homogeneous cell- 
sap ; if we have an older stage the nuclear hollow is already 
traversed by a greater or less number of fine cytoplasmic threads. 


«H .ft p 49 ^ 





The paranucleolus is feebly coloured, and attached somewhere to 
the nuclear wall, or to a segment. These segments have been 
formed from the nuclear thread, which we previously saw forming 
a coil. The thread had shortened considerably, thickening at the 
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same time, broadened into a band, and ultimately had separated 
into tbe said segments. In most favourable cases we can deter- 
mine that each of these segments has split in the direction of 
its length into two equally thick daughter-segments (b). The 
daughter-segments separate in part from one another, and form 
Y-shaped or X-shaped figures. The next succeeding characteristic 
state presents us with the nuclear spixuUe (c). This shows equa- 
torially placed, strongly stained segments, which form the nndear- 
plate, and delicate unstained spindle-fibres, which converge towards 
the two poles of the nuclear spindle. To these spindle-fibres are 
attached the segments of the nuclear plate. The segments of the 
nuclear plate have the form of a Y lying down, and direct their 
two arms, following the spindle-fibres, towards the poles. Seen 
from the pole, the nuclear-plate presents an appearance as in Fig. 
114, d. 

The number of the segments regularly distributed in the 
nuclear-plate is in this plant usually 12. The segments of the 
nuclear-plate correspond with the longitudinally divided pairs of 
segments, which we previously observed attached to the nuclear- 
membrane. The nuclear membrane has been dissolved, the sur- 
rounding cytoplasm has penetrated into the nuclear hollow, and 
a portion of it has produced the spindle-fibres. Following these 
spindle-fibres the pairs of daughter-segments arrange themselves 
into the nuclear plate. Each segment of the nuclear- plate is 
therefore a pair of daughter-segments, the foot of the Y consists of 
the adjoining parts of the daughter-segments, usually fused under 
the influence of the reagent; the arms are the separated parts. 
With this the preparatory phases of cell- division, the prophaseSt 
are completed — ^Now begin the phases of separation and rearrange- 
ment of the daughter- segments, the metaphases of division. In 
this process the two sister-segments of each pair separate from 
one another, and at the same time wheel round polewards, so that 
they now lie with their convex portion towards the poles (e). 
These conditions are more rarely met with in preparations, as they 
are passed through very quickly ; we can however see the further 
phases of the separation of the sister-segments, which appertain 
to the receding phases of division, the anaphases. Such a stage 
we see in Fig. 114,/. The daughter-segments follow the spindle- 
fibres, and, drawing closer together, reach their polar ends. Here 
their ends fuse together, and form a daughter-coil (g). All 
the conditions, from the beginning of the separation to the last- 
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observed stage, are offcen found together in the contents of one 
anfcher-loculns. While the danghter-segments move towards the 
poles, the spindle-fibres remain behind as connecting threads 
between them (/, g). The number of connecting threads is in- 
creased by the intercalation of new ones, and they ultimately 
form a barrel-shaped structure. Soon the connecting threads are 
only clearly marked in the equatorial parts, and in the equatorial 
plane itself appears, as thickenings of these threads, a row of 
granules, which represent the cell-plate (gf). The cell-plate 
ultimately extends over the whole diameter of the cell, the 
elements of the cell-plate fuse, and form a partition wall, which 
halves the mother-cell into two daughter-cells. In each daughter- 
nucleus is formed a thin-threaded coil, the turns of which remain 
parallel to the original arrangement of the daughter-segments. 

Later preparations show us that the nuclear thread in the nuclei 
of the daughter-cells again becomes coarser (Ji), Its coils, differing 
in this respect from the mother-nuclex\s, gradually elongate at right 
angles to their original direction, and form loops in the equator 
(%). The points of curvature at the poles and in the equator are 
broken through, the segments contract, and withdraw to the 
equator. Thus arises the nuclear plate, in which the spindle-fibres 
on both sides are very difficult to recognise (A;, right-hand). Tho , 
segments of the nuclear plate are arranged into a wreath (fc, left- 
hand). The division of the two nuclei follows in the same, or in 
two planes cutting one another at right-angles, hence giving 
figures with two views, as in (fe). The segments of the nuclear 
plate divide in the direction of their length, though this cannot 
be seen in preparations fixed in this way. Then, however, the 
daughter-segments withdraw from one another, and their reduced 
thickness bears witness to their having split (Z). The subse- 
quent processes correspond with those in the mother-cell. The 
two cells divide in the same way into four grand-daughter-cells, 
which either lie in the same plane (m), or cross one another at 
right-angles, according to the direction which the nuclear division 
took. The four grand-daughter-cells soon a.cquire their own walls, 
and are set free by solution of the wall of the mother-cell. 

Preparations fixed in this way do not sufiice for more careful 
researches upon nuclear and cell -division. For this purpose we 
prepare suitable material by laying the flower-buds of various ages 
in absolute alcohol. Preparations fixed with chromic acid, picric 
acid, or mixtures with chromic acid, are here, in general, inferior 
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to alcoliol-material. Taking objects which mast have lain at least 
three days in absolute alcohol, we rapidly prepare longitudinal 
sections through the anthers, and lay these in a solution of safranin 
in absolute alcohol,^ first diluting this latter about one-half with 
distilled water. In a drop of this fluid upon an object-slide the 
sections can afterwards be examined, in order to determine ap- 
proximately which stage of division they contain. In the safranin 
solution the sections have to lie for from twelve to twenty-four 
hours, and then they are transferred to absolute alcohol, and 
moved to and fro so long as they give off visible clouds of colour. 
We then place the sections in oil of cloves (better still in oil of 
marjoram), and as soon as they are completely saturated, in cold 
solution of gum-dammar (dammar dissolved in warm turpentine, 
and evaporated to a syrup), or in Canada-balsam (dissolved in 
chloroform or in turpentine), in which they remain unchanged. 
With accurate treatment the nuclear substance alone is stained ; 
the spindle-fibres are only feebly marked in such preparations. 
The structural relations of the cytoplasma are most sharply 
defined in a filtered solution (as thick as syrup), of the clearest 
possible shellac in absolute alcohol. Canada-balsam clears the 
preparation even more than dammar solution. Gentiana-violet, 
with the same kind of treatment, gives nuclear colorations which 
are almost better than safranin.^ — In order to make the spindle- 
fibres more visible, we lay a number of sections of the alcohol - 
material in very dilate haematoxylin (logwood) solution, made by 
dropping into a watch-glass full of water only a few drops of an 
old Grenacher's or Bohmer's solution of logwood. The sections 
must not however be placed directly out of the alcohol into the 
hsamatoxylin solution, but, in order that they shall have no pre- 
cipitate formed upon them, must previously have passed throtigh 
distilled water. In the logwood solution the sections remain for 
several hours, during which the degree of staining can be con- 
trolled by microscopical test ; when the desired coloration is obtained, 
we put up the preparation in glycerine. In case of overstaining 
we remove the surplus of stain, before laying in glycerine, by 
means of water, in which the sections have to lie for a considerable 
time, or by means of an iron-alum solution. Overstained sections 
can also be treated with 70 p. c. alcohol which contains J p. c. 
hydrochloric acid, and then washed in 70 p. c. alcohol, or water, 
containing a trace of ammonia ; but this kind of treatment requires 
the greatest possible care. Far more beautiful logwood prepara- 
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tions, wMcli in perfection are not inferior to safranin preparations, 
are obtained by transferring the sections stained in watery logwood 
solution into absolute alcohol, from this into oil of cloves or oil of 
lavender, and from this into gnm-dammar solution or into Canada- 
balsam. The structural relations of the oytoplasma are most 
sharply defined in a filtered solution, as. thick as syrup, of the 
clearest possible shellac in absolute alcohol. Into this solution 
the preparation, after staining, is transferred directly from the 
absolute alcohol, and is preserved in it for a long time unchanged. 
The sections need only to remain a short time in the alcohol and 
the volatile oil. — Instructive preparations are also quickly obtained 
by colouring the alcohol- material , with diamond-fuchsine-iodine- 
green.^ It is best to prepare a solution of diamond- fuchsine, and 
iodine-green in 50 p. c. alcohol, pour the iodine-green into a saucer, 
and slowly add to it the diamond-fuchsin until the fluid has taken 
a distinct violet colour. The anther sections to be stained are 
placed on the object-slide in a drop of this fluid, which after the 
lapse of about a minute is run off by tilting the object-slide, and 
sucked up with blotting paper. A drop of glycerine is then placed 
upon the object, the sections arranged, and covered with a cover- 
glass. These sections show the cytoplasma red, the nuclear sub- 
stance blue, the paranucleolus stained red; the preparations are 
exceedingly beautiful and instructive, though inferior in sharpness 
of delineation to safranin and good logwood-preparations. They 
can be closed with Canada-balsam, and subsequently with gold size. 
Canada-balsam however, as has been already mentioned (p. 230), is 
soluble in the oils used for homogeneous immersion ; care should 
therefore be taken not to allow the oil to remain in contact with 
the balsam, and, after use, to wipe the oil off rapidly. As the 
Canada-balsam used in closing always runs under the cover-glass a 
little, when it is used the object need not be protected in any 
other way from the pressure of the cover-glass. If gold-size 
alone is used for closing, it is recommended first to draw two lines 
of gold-size across the object-slide with the camel-hair brush. 
These lines must be at such a distance that the cover-glass will 
rest with its two edges upon them. The cover-glass is first laid on 
when the lines are half dry. The line of gold size drawn round 
the edge of the cover-glass must be laid on several times, waiting 
till the previous layer is dry before putting on a new one, and 
using for the purpose very dilute gold-size, diluted with linseed oil. 
The closure is complete when the preparation held up against the 
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light no longer shows lines of light at the edge of the cover-glass. 
The object can be protected from the pressure of the cover-glass in 
the simplest possible way by laying in the preparation hairs of 
sufficient thickness, or minute plates of mica. Or, for the protec- 
tion of objects, before laying the cover-glass upon the object-slide, 
four spots of wax can be made upon it, by means of the wick of a 
small wax candle which is temporarily lighted and then put out 
again. Such wax candles can also be used in order to make a tem- 
porary closmg layer of wax at the edge of a cover-glass already 
fixed by spots of wax at the comers. 

In longitudinal sections through the anthers all the mother-cells 
are not found in the same stage of division. The stages succeed 
one another in the one or other direction, which is of considerable 
advantage to the observer. 

In order to become acquainted with the processes as they take 
place in the pollen mother-cells of the Dicotyledons, we choose as 
best for examination one of 
the BanunculacesB or Papa- 
verace89. In what follows 
wo will refer to [the stink- 
ing Hellebore] Helleborus 
fcetidus; in essentials all 
Dicotyledons offer the same 
conditions. In a flower-bud 
which, with stalk, measures 
from ^ to f of an inch in 
height we find, usually pro- 
gressing from within outwards, all the stages of division re- 
presented in the successive anthers. Here, also, we crush the 
anthers in the fluids discussed in connection with Fritillaria, 
and obtain, moreover, the same figures as there, only smaller. 
After the first step in the division of the mother- nucleus, a 
cell-plate is produced in the connecting threads, but again dis- 
solved, while the nuclei prepare for a second division. This 
second division, to distinguish from Fritillcuna, corresponds here 
completely with the first. The pairs of nuclei are joined by con- 
necting-threads. These four nuclei are arranged in the globular 
mother-cell at the four comers of a tetrahedron (Fig. 115, A), 
and connecting-threads arise free in the cytoplasma in all 
directions between the four nuclei. Hence to the two bundles 
of connecting-threads previously present four more are added. 




Fio. 116.— SeUthonu fcBtidus. Pollen mutber- 
cells, at ii in qnsdripartition ; at £, after complete 
qnadripartition (x 640). [Three only visible; 
the fourth ia not in focns.] 
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In these si^ bundles cell-plates Sprise (A). These latter are clearly 
visible ; the connecting threads, however, are to be seen only in 
the most favourable cases. The six cell-plates have the form of 
quadrants, of a circle ; they join one another in the interior of the 
mother-cell. Upon the thick wall of the mother-cell are produced 
six interior, somewhat projecting, ridges (A), and to these the 
cell-plates join with their outer edges. Cellulose walls are 
quickly formed from the cell-plates, and thus the mother-cell is 
divided into four tetrahedrally arranged daughter-cells (A), 
These four cells soon obtain their own walls, and become free, 
while the wall of the mother-cell is dissolved. 

The plant upon which cell-division was first observed is dado- 
phora ghmerata} We have already made ourselves acquainted 
with its structure, and know that it is multinuclear. Its cell- 
division takes place without being accompanied by nuclear 
division. Each daughter-cell contains, therefore, naturally a 
number of nuclei, which can further multiply ; therefore nuclear 
division and cell-division here appear completely independent of one 
another. We can here find cell- divisions at all hours of the day ; 
often, however, search for them in vain. If we have found one, 
we can hope for others, for usually, if they are dividing at all, 
numerous cells of the culture tend to divide. We easily recognise 
the dividing condition, since the place of the partition wall in 
course of formation is marked by a brighter ring on the cell. 
The process^ begins with a slight annular aggregation of cytoplasm 
at the mid-length of the cell. The chlorophyll-layer moves back 
proportionally. The foundation of the partition wall now shows 
as a sharp line. It projects as a ridge into the cell-cavity, and 
forces the chlorophyll-layer continually deeper. The only slightly 
marked annular aggregation of cytoplasm remains at its inner 
border. On both sides of the young partition wall, between the in- 
pressed chlorophyll-layer and the delicate ectoplasmic membrane, 
cell- sap collects ; hence arises the colourless ring in a cell which 
is thus dividing. The chlorophyll-containing contents of the cell 
are ultimately cut through, and the diaphragm-like partition- 
wall completed in the middle so as to be closed. The segmented 
chloi!x>phyll-containing contents of the cell remain for some time 
removed from the newly-formed cell- wall ; but gradually approxi- 
mate to it. The cross- wall thus formed is at first extremely 
thin, and is then thickened gradually by the two sister-cells. — 
The nuclei are too small to permit an insight into the peculiarities 
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of their processes of division. Their dividing states may he easily 
fixed with 1 per cent, chromic acid, hnt are, however, seldom met 
with. 

All the processes of nuclear division comhined with an internal 
thread-like differentiation are collected together nnder the term 
indirect division, as opposed to the direct division, which consists 
in a simple constriction of the naoleus. Such direct nuclear 
division is often found in the older cells of higher plants, and as 
an exceptional case in the actively growing internodal cells of the 
CharaceeB [Stoneworts].'' 

For the observation of direct nuclear division in older cells the 
older intemodes of Tradescantia Yvrginica are especially suited. 


^ ^ 



Fio. lie.—TracUscantia Virginioa, Nnclei of older intemodes in direct division. A, daring 
life ; P> after treatment with acetic methyl-green ( x 640). 

A longitudinal section, examined in water, shows them usually in 
considerable number (Fig. 116, A). The nuclei show their original 
contents, are, however, more or less irregularly constricted into 
several sections, of various size and form. If the constriction is 
unilateral, the nucleus appears kidney-shaped ; with constriction all 
around, it shows as a figure of 8 or irregularly lobed. In many 
cases the segments have completely separated, and lie either by 
one another or at a greater or less distance. The number of the 
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thus segmented nuclei in one cell can amount to 8 or 10. They 
are of various sizes. The segments also can multiply Jby con. 
striction. The nuclei in course of constriction are to be found in 
almost all the elements in the section, and best in the parenchyma 
of the pith. The thin- walled elements of the fibre- vasal bundle, 
which likewise contain the constricted nuclei, show besides very 
beautiful streaming of the protoplasm. The. nuclei can be fixed 
very quickly with acetic methyl-green (Fig. 116, B), They then 
are very sharply defined. 

In conclusion, we will call to our aid our strongest objectives, in 
order to approach a question the determination of- which is of the 
greatest possible importance for the whole conception of .the 
vegetable body. This relates to a reciprocal inter-connection of 
the protoplasmic cell-bodies of the plant, of such a kind that they 
form a single, continuous whole.® The most favourable objects for 
this study are provided by the secondary cortex of dicotyledonous 
plants, and amongt these we select specially [the Buckthorn] 
BTiamnus Frangula, From a part of a stem, at least f inch thick, 
we first remove the periderm with the razor, and then prepare 
delicate tangential longitudinal sections through the green cortex. 
We will use these sections in order to inform ourselves as to the 
structure of the secondary cortex, and for this purpose examine 
them in water. We direct our attention principally to the chloro- 
phyll-containing bast-parenchyma, which we see to be composed 
of rectangular cells, chiefly elongated tangentially. These cells 
have more or less strongly thickened walls, penetrated by broader 
or narrower pits, in part so narrow that they are diflSicult to dis- 
tinguish.® All these pits are without "borders." Besides the 
bast-parenchyma, above all will strike us the long bast-fibres, and 
the spindle-shaped cross-sections of the medullary rays. We now 
prepare new sections, likewise tangential longitudinal, through the 
secondary cortex, lay them upon a cover-glass, and place upon 
them a drop of concentrated sulphuric acid. After some seconds 
we immerse the cover-glass in a glass full of water, and wash the 
section rapidly, and as completely as possible. It can now be 
stained with watery aniline-blue, washed with water, and placed 
in dilute glycerine. Instead of watery aniline-blue, picric aniline- 
blue can be used with advantage. This is prepared by dissolv- 
ing picric acid to saturation in 60 per cent, alcohol, and adding 
aniline-blue till the solution has a blue-green coloration. The 
investigation must be carried on with the strongest magnification. 
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<tnd, where possible, with objectives for homogeneous immersion. 
The action, of the acid is what is desired when the walls of the 
bast-parenchyma are so far swollen, that they show about the 
same diameter as the contnticted cell-body. The middle lamellsa of 
the walls are likewise swollen, and it is this circumstance which 
makes the object so favourable for investigation. The contracted 
protoplasmic bodies are beautifully stained by the aniline-blue. 
The outlines of the individual plasmic bodies of the cells of .the 
cortical parenchyma are smooth on those surfaces with which they 
bound cell- walls provided- with very fine pits ; they are provided 
with thicker or thinner processes where the adjoining cell- wall 
possessed broader pits. The processes of the plasmic body corres- 
pond in the neighbouring cells. We first closely examine the 
swollen closing membrane, which separates two especially broad 
processes, directed' towardsL one another. We find stretched 
between these two processes a number of extremely delicate, 
granular looking threads. These are plasmic threads, by which 
the neighbouring plasmic bodies communicate while in the living 
state. The outer threads of such a system are arched, and remind 
one, therefore, strikingly of the connecting threads which are 
extended between two sister-nuclei. Where the surfaces of two 
cells turned towards one another appear smooth, we usually find 
the middle layers of the cell- wall, through their entire extent, 
traversed by threads, which with very strong swelling of the wall 
are separated from the two plasmic bodies, or by slighter swelling 
are still connected with them. These threads are somewhat 
swollen in the middle, so that they appear spindle-shaped. In 
specially favourable cases the spindles appear interrupted in the 
centre, and their two halves joined together by extremely delicate, 
granular threads. But for such appearances it is often necessary 
to search long. In general, all plasmic bodies do not show their 
reciprocal union simultaneously ; but only those which were not 
injured in any way in the preparation of the section, and which 
-were quickly fixed by the sulphuric acid. The injured cells, or those 
which were not fixed quickly enough, have withdrawn their pro- 
cesses. — Those walls which appear to be pierced through their 
entire thickness by fine threads, produce the idea that we have 
in their interior exactly the same threads, within which in cell 
division the partition wall was deposited, which have therefore 
remained as connecting threads, in order to maintain the com- 
munication between the two cell-bodies.^^ In the formation of 
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broader pits, tlie communicatioii later on exists only within these 
pits ; however, that such direct union exists bj means of proto- 
plasmic processes between neighbouring cells appears now to bo 
proved with certainty. 
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p. 24. Card-labels for object-slides. Any one of the numerous forms of glass- 
cement, such as ooaguline, mend-all, etc., ^nll answer this purpose. A quan- 
tity of slides can be prepared at one time. The card-labels are cemented on 
both ends of the slide, and these are tied into bundles to dry under pressure. 
The cards recommended at p. 84, for drawing, out into admirable labels. 
This method is very economical for keeping preparations, as all those of a 
similar kind can be tied into a bundle, with a plain slide over the upper- 
most, through which its label will be visible. Preparations preserved in 
glycerine do not then necessarily need to be closed with Canada Balsam, 
provided the preparation is thin, so that little glycerine is used. [Ed.] 
p. 27. Last line of text. Add, ** and belong to the hexagonal system.'* 
p. 38. In material wanted.- ¥ot ** Adonis JlammiUat^* tba^'* Adonis Jlammeus,** 
p. 68, L 16 from bottom. For " broadened," read " thickened.*' 
p. 61. In material wanted. After " leaves of Tropceolum majjis,^* read *' Fresh, 
or in alcohol." 

In ordinaiy terminology, the term ** stoma " includes the guard-cells and 
the accessory structures. I have limited the term, as etymologically it 
should be limited, to the cleft (" stomatits cleft," of many authors). The 
whole structure I have described as ** stomatic apparatus.'* What I call 
here the " air-chamber,** underlying the stoma, is the " respiratory cavity ** 
of many authors. [Ed.] 
p. 72. Chap. YII., Hairs. A very favourable object for the study of hairs, and 
obtainable all the year round, is the petiole of the ordinary zonal bedding 
geranium, Pelargonium zonale. The hairs found upon this, studied in 
surface and cross-sections, are of several distinct kinds, falling into two 
groups, viz., conical and capitate. The conical hairs are either (1) delicate 
and unicellular, (2) stouter,. and with one or two partitions, the septum, 
where solitary, being commonly quite close to the outer line of the epidermis, 
or (3) very long and tapering, with many cross septa, and a distinctly 
bulbous base, raised upon a wart-like outgrowth, the cells of which show 
radial arrangement. The capitate hairs are (1) glandular hairs with a 
round head-cell on a short stalk, 2-3 cells long, (2) glandular hairs with an 
obovate head-cell set somewhat obliquely on a short stalk; (3) doubt- 
fully glandular with a large pear-shaped head-cell on a long 2-3 celled 
stalk. [Ed.] 
p. 75. Verbaseus Thapsus (a native perennial) has hairs very like to those of 

F. thapsiforme* [Ed.] 
p. 76, 1. 14 from bottom. After "finely pitted,** read, " and belong to the sub- 
epidermal system of the branch. The prickle is an emergence, involving 
in its origin sub-epidermal as well as epidermal tissue." [Ed.] 
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3/4 ADDITIONS AND CORRECTIONS. 

p. 81, 1. 5 froni bottom. Eucalyptus globuhu is the Anstraliaii Blne-gnm, 
now extensively planted in the Campagna, etc., for its anti-malarial influ- 
ence; [Ed.] 

p. 93, 1. 6. Add, " Hoyer's Momiting (or Enclosing) Fluid is very osefol for 
permanent preparations, and, as with glycerine-jelly, needs no further 
closing." 

p. 116, Fig. 47. To description, add " ( x 540)." 

p. 130, 1. 24 and 25. Bead, " the tube-like forms as ducts, and the fibrous forms 
asfibresw" 

p. 149, 1. 9 from bottom. Before *' saffranin," read " watery.*' 

p. 152. Development of cork. Many rapidly growing stems show the develop- 
ment of cork with remarkable beauty. One of the best for this puri>ose is 
Hibiscus rosa-sinensU, a very commonly cultivated hot-house perennial. 
Fresh, or in alcohol. [Ed.] 

o. 205, 1. 13. For " carmines," read " carmine." 

p. 208. The synonymy of Spirogyra majuscula of the text is rather obscure.* 
[Ed.] 

p. 215. Yeast can be grown for laboratory purposes, either in the bulk or in 
moist-chamber cultures, in " Pasteur's fluid." In slide cultures very beau- 
tifully branched chains of cells can be obtained. The following is the 
simplest way of preparing Pasteur's fluid : — Keep dry in a bottle, ready 
mixed and finely pulverized, 20 gram. Potassium phosphate, 2 of Calcium 
phosphate, 2 of Magnesium sulphate, and 100 of Ammonium tartrate. For 
use, dissolve in the proportion of 1 gram, of this mixture with 12 of sugar, 
in 70 cc. of water. [Ed.] 

p. 232. Beggiatoa alba can be readily grown on pieces of grey india-rubber 
tubing kept in water. It will usually have formed a good coat in about a 
couple of months. [Ed.] 

p. 244. Eecent works in English on Bacteria and their culture are " Intro- 
duction to Practical Bacteriology," by E. M. Crookshank (London, H. E. 
Lewis) ; and " Microbes, Ferments, and Moulds," by E. Trouessart (Eegan 
Paul A Co.). [Ed.] 

p. 286. A recent book on " Mosses " for beginners, is by J. E. Bagnall (Sonnen- 
schein & Co.). [Ed.] 

p. 290, 1. 6. The quickest fern spores for cultivation are those of the Boyal 
fern, Osmunda regalU. [Ed.] 

p. 842, 1. 15. For " collective," read " collectively." 

p. 366. Several places, for " diamond fuchsin," read " fnchsin." 


* The figure in the text is not that of S, majuscula, of Eiitz., b5^. orthospira, 
of Nag. and Archer. The most common of the thick-threaded Spirogyras in 
Britain is S. nitida. The figure more resembles 8, orbicularis, of Hassidl. 
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ENGLISH AND METRIC WEIGHTS AND MEASURES. 

The following may be useful as an approximate transfer table. 

LENGTH. 
French. English, 

1 millimetre (mm.) b^ inch. 

1 centimetre (cm.) B 10 nmi. • . ■sjinch. 

1 decimetre (dm.) » 100 mm. . • s4 inches. 

1 metre =1000 mm. • . =39} inches. 

English, French. 

1 inch =25 mm. 

1 foot <p 305 mm. or 30} cm. 

1 yard =0*91 metre. 

WEIGnT. 
French. English. 

1 gramme = 15} grains. 

1 kilogram. = 1000 gram. . . . =32 oz. Troy. 

„ „ .... =35 J oz. Avoirdupois 

English. French. 

loz. Troy =31 gram. 

1 oz. Avoirdupois =28 gram. 

1 lb. „ =450 gram. 

CAPACITY AND WEIGHT. 
French. English. 

1 gram. = 1 cubic centimetre (cc.) . . =15} grains. 
1 litre =1000 gram, or 1000 co. or 1 kilog. =35J oz. Avoird. or 

32 oz. Troy. 

EvglisK French. 

1 pint = 20 oz. Avoirdupois . . . =567} ec. or 567} gram. 

CAPACITY (VOLUME). 

French. English. 

1 litre = 1000 cc. = 1 cubic decimetre . = If pint. 

English. . FrencK 

1 pint = 36 cubic inches . • . =567} co. 

1 gallon = 8 pints .... =4} litres. 

1 cubic foot = 6 gallons .... "28| litres. 

1 cubic inch = 16} cc. 

Microscopic measurements are usually reckoned in micio-millimetres (^). 
1 A* is riiW ^^ A millimetre, and therefore is approximately ^^ijjjf of an inch. 
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LIST OF PLANTS USED FOB STUDY. 

The part of the plant required is carefully indicated in this list ; likewise ih^ 
state in which it should be taken, and the period at which it can be obtained. 
To these a few cultural notes are sometimes added. 

Where the material is to be placed in alcohol, unless the word ** absolute ** is 
used, strong methylated spirit will serve, and is much cheaper. 

For fixing cell-contents, the quantity of alcohol, etc. used should be at least 
100 times the bulk of the object. 

Stems, etc., which are much hardened in alcohol, can be rendered easy to cut 
by being placed for at least twenty-four hours in a mixture of half-and-half 
alcohol and glycerine. 

Most of the living algSB here mentioned can be obtained from T. Bolton, 
Newhall Street, Birmingham. 

A. 

Acacia, Compound pollen-grains, 820. Flowers. Fresh, or in alcohol. Green- 
house shrubs. 
Acer (Maple). Autumnal coloration of leaves, 48. Leaves in autumn. Fresh. 
^ Aconitum NapeUus (Monkshood). Structure of ovule, 327. Full-blown, or faded, 
flowers. Fresh, in summer. Hardy perennial 
(Other species of Aconitum will serve equally weU.) . 
^ Aconu Calamus (Sweet Flag). Structure of root, 138. Boots. Fresh, or in alcohol. 
Hardy semi-aquatic. 
AdonU Jlammetu, Colour-bodies of flowers, 42. Flowers. Fresh. 
^Mcidium BerheridU (Cluster-cup), 262. Infected leaves of Barberry, in May or 

July. Fresh, dry, or in alcohol. 
^^tcvlus Hippocastanum (Horse-chestnut). Fall of leaves, 157. Base of leaf- 
stalk with piece of twig attached. Autumn. Fresh, or in alcohoL 
,, Glandular hairs, 81. Winter buds. Preferably fresh, or in alcohol. 
AgaparUhus umhellattu. Development of anther and pollen, 316. Substitute 

for HemerocalliSf q.v. 
Agarietu campestrU (Mushroom). Stmctare, 200. Any time in the year. Fresh, 
or preferably in alcohol. 
„ Fructification, 268. Any time in the year. Fresh. 
Agave. Epidermis and stomata, 67. Leaves. Fresh. Any time. Greenhouse 

perennial. (Substitute for Aloii.) 
Ailanthua glandulosa. Leaf-fall, 159. Leaf-bearing twigs. Fresh. 
Alder, see Almts glutinosa, 
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. AlUma Plantago (Water Plantain). Straoture of fruit, seed, and embryo, 843. 

Bipe and unripe fruits. Fresh. July and August. Native aquatic. 
Allium Cepa (Onion). Structure of root, 136. Boots. Fresh, or in alcohol. 

Obtainable at any time by growing an onion in water in a hyacinth 

glass. 
Alnu8 (Alder). Tannin reaction, 53. Twigs. Fresh. Any time. 
AloU nigricans, Epidermis and stomata, 67. Leayes. Fresh. Any time. 

Greenhouse perennial. 
(Other species, or Agave, serve equally welL) 
AUtrdmeria, Cell and nuclear division, 360. Flower-buds of various ages. 

Fresh; also in absolute alcohol. {A, aurantiaca, the commonest 

species, is a hardy perennial, flowering July to September.) 
Althaa rosea (Hollyhock). Poll^n-grains, 319. Flowers. Fresh. July to Sep- 
tember. Hardy perennial. 
Ampelopsis hederacea (Virginian Creeper).. Autumn tints, 43. Leaves. Fresh. 

Autumn. Hardy climber. 
AnaTfona Azolla. Structure, 216. Exists in the leaves of Azolla carolineana. 

Fresh. Any time. Azolla is a perennial greenhouse aquatic. 
^ Anagallis (Pimpernel). Structure of ovary, 326. Flowers. Fresh, or in alco- 
hol. Summer. Anagallis arvensis is a cornfield annual, with scarlet 

flowers ; Anagallis tenella is a very pretty creeping native bog-plant. 
Anaptychia ciliaris. Structure, 202. Thallus. Fresh ; or dried, but soaked 

in water before use. 
,, Fructification, 270. Fruiting thallus. Fresh; or dried, but soaked in 

water before use. 
Aneimia fraxinifolia. Epidermis and stomata, 69. Leaves. Fresh. Any 

time. Various species of Aneimia are found in most fern-houses. 
Antirrhinum majus (Snapdragon). Coloured cell-sap, 41. Flowers. Fresh. 

May to September. Hardy perennials. 
Aristoloehia Sipho. Structure of stem, 104. Young stems, i to } and J inch 

thick. In alcohol ; material to be put up in June. Hardy deciduous, 

or half-evergreen, climber. 
Arrowroot, East Indian and West Indian, for starch, 11. Shops. 
■ Ash, see Fraxinus excelsior, 
Aspidium Filix-mas (Male Fern). Fructification, 289. Fertile frond. Preferably 

fresh, but may be in alcohol. Late summer or autumn. Native fern. 
Auricula, see Primula, 

A vena sativa (O&i). Starch grains,^ 12. Grain. Fresh. 
„ Structure of vascular bundle, 93. Stems. In alcohol. Spiing or early 

summer. Can be grown in laboratory for the purpose. 
,, Pnccinia on, 264. Leaves or haulm. Fresh, dry, or alcohol. Summer. 
Azalea. Compound poUen-grains, 320. Flowers. Fresh. (For substitutes 
see Calluna, Erica, Rhododendron,) 

B. 

Bacillus subtilis, 236. From infusion of hay. For method, see text 
Bacillus tuberculosis, 234. In the sputum (expectorations) of consumptives. 
Bacteria, 221. To obtain materials, see text. 
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Barbeny, see Berberis tndgarU. 

Barley, see Hordeum vulgare. 

Bean, see Phaseolus vulgaris. 

Beech, see Fagus sylvatica. 

Beet-root, see Beta vulgaris, 

Beggiatoa alba, 232. In water contaming decaying fresh-water algiB, or con 

taming fragments of india-mbber tubing. 
Berberis vulgaris, see JEeidium Berberidis, 
BertholUtia excelsa (Brazil-nut). Albumen crystals, or crystalloids, 26. Nats. 

Fresh. 
^ Beta vulgaris (Beet-root). Stmcture of root, 45. Boot. Fresh. 
„ Sugar in root, 49. Boot. Fresh. 
Bracken-fern, see Pteris aquilina. 
Brazil-nut, see BerthoUetia excelsa. 
Buckthorn, see RJiamnus Frangtda. 
r Butomus umbellatus (Flowering Bush). Structure of ovary, 824. Fully developed 

flowers. Fresh, or in alcohol. Summer. A native perennial aquatic. 

C. 

Calluna vulgaris (Ling). Compound pollen-grains, 320. Flowers. Fresh, or in 

alcohol. July to September. A native sub-shrub. 
Capsella Bursa-pastoris (Shepherd's Purse). Structure and development of 
embryo and seed, 338. Toung to ripe fruits. Fresh. All summer. 
Common weed of cultivated ground. 
Carrot, see Daueus Carota, 
Celandine, see Chelidonium majus, 
^ Ceratopteris thalictroides. Cultivation of spores and development of prothallos, 
290. Spores. Fresh, or preserved dry. 
Cheiranthus Cheiri (Wallflower). Hairs, 72. Young leaves and buds. Fresh. 
^ Chelidonium majus (Celandine). Structure of vascular bundles. 101. Stems. 
In alcohol. Spring and summer. Hardy herbaceous perennial. 
Cherry. Substitute for Plum (Prunus domestica, q.v.). 
Citrus vulgaris (Orange). Structure and development of fruit and polyembryony, 

350. Ovaries and young fruits. Fresh. All the year round. 
Cladophora glomerata. Structure, 203. Fresh material. Spring and summer. 
„ Swarmspores, 248. For method of securing, see Text. 
„ Cell-division, 368. 
Clostridium butyricum, 223. 
Club-moss, see Lycopodium. * 

Cluster-cup, see Mcidium. 
Cowslip, see Primula, 
Cucurbita Pepo (Cucumber, Melon, etc.). Movement of protoplasm in hairs, 35. 

Very young shoots. Fresh. 
^ „ Pollen-grains, 320. Flowers, Fresh. 
„ Structure of vascular bundles, 130. Stems about ^ inch thick, cut about 
i yard from apex. Fresh and in alcohol. 
Curcuma leucorrhiza (East Indian Arrowroot). See Arrowroot. 
Cytisus Laburnum (Laburnum). Structure of cork, 155. Fragments of bark 
from pretty old branchc«>- 
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D. 

Dahlia variabilis (Dahlia). Stractore of tuber, 50. Taber. Fresh. Any time. 

„ Inuline, 50. Pieces of tuber placed in alcohol in or about October. 
Date, see Phoenix dactylifera, . 

Baucus Carota (Carrot). Colour-bodies in root, 43. Boot. Fresh. 
Delphinium Ajaeis (Larkspur). Structure of ovary, 822. Fading flowera 

Fresh. Summer. A hardy annual. (As substitutes, see Helleboru^ 

niger and H, fatidus.) 
Delphinium consolida (Larkspur). Coloured cell-sap and colour-crystals, 42, 

44. Flowers. Fresh. Summer. Hardy annual. 
Dictamims Fraxinella (Dittany). Development of oil-glands, 163. Leaf -buds 

and leaves. Fresh, or in alcohol. A hardy perenniaL (A substitute for 

Rata graveolens, q.v.) 
Dittany, see Dictamnus Fraxinella, 
Draccena rubra (Cordyline rubra). Structure of stem, 96. Stems. Fresh, or in 

alcohol. 
^- Drosera rotundifolia (Sundew). Digestive glands, 79. Leaves. Fresh. Summer. 

A native herbaceous perennial bog-plant. Can be grown in a green- 
house, in bog-moss, the pot standing in water. 

E. 

Echeveria, Wax-layer, 81. Leaves. Fre^h. All the year round. Almost any 

species will do. All half-hardy evergreen perennials, largely u^ed for 

borders in " bedding-out." 
jKZ<ea^nu«a77^2Mt2/bZm(01easter, or Wild Olive). Hair-scales, 76. Leaves. Fresh. 

(Substitute for Shepherdia canadensis^ q,v,) 
Elder, see Sambucus nigra, 
Epilobium (Willow-herb). Pollen-grains, 319. Flower. Fresh. (Substitute 

for (Enothera biennis, q.v,) 
Epipactis palustris. Structure of ovary, 326. Faded flowers. Fresh. (Any 

orchid will serve about equally well.) 
^ Equisetum arvense (Field horse-tail). Apical cell, 176. Young growing shoots. 

Fresh, or in alcohol. Spring. 
„ Structure of stem, 180. Stems. Fresh, or alcohol-material. 
Erica (Heath). Compound pollen-grains, 320. Flowers. Fresh. Any species 

will do, and hence obtainable nearly all the year round, either from 

open ground or greenhouse. (For substitutes, see Calluna, Azalea, 

Rhododendron, 
Eucalyptus globulus (Australian Blue-gum). Wax-layer, 81. Leaves. Fresh. 

Half-hardy perennial evergreen tree. 
'Euonymus japonictu (Spindle-tree). Growing apex, 174. Terminal buds. 

Fresh, or in alcohol. All the year round. Ornamental evergreen 

shrub ; half-hardy in the northern counties. 
y Euphorbia helioscopia (Sun-spurge). Starch-grains, 12. Stems. Fresh, or in 

alcohol. A native annual weed of cultivated ground. 
Euphorbia splendens. Starch-grains and latex cells, 13. Stems. Fresh, or in 

alcohol. A hothouse evergreen shrub. 
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F. 


Fagm syUatica (Beeoh). Differing straotare of leaves when shaded and ex- 
posed, 164. Leaves from centre and outside of tree. Fresh. 

Ferns. Frothallia and sexual organs, see Ceratopteris and Polypodium, 
y. Sporangia, 8ee Scolopendrium, Aspidium, 
„ Structure of growing apex of root, see Pteris eretica, 
„ Structure of vascular bundles, see Pteris aquilina. 

Fir, Scotch, see Pintis sylvestris. 

Flag, Sweet, see Acorus Calamus. 

Fraxinus exceUior (Ash). Leaf-fall, 159. Leafy Twigs. Fresh. Can be used 
us substitute for JEseultts. 

Fritillaria imperialis (Crown Imperial). Structure. Pollen, 318. Toung flowers. 
Alcohol-material. 

Fritillaria persica. Cell and nuclear division, 860. Flower-buds of different 
ages. Fresh, and in aJcohol. (As substitute, almost any species of 
Fritillaria^ I>t7wm, AlstroBmeria, or other LiliacesB or AmaryllideiB.) 

Frog-bit, see Hydrocharis, 

Fuchsia. Pollen-grains, 819. Flowers. Fresh. (Substitute for (Enothera, q.v.) 

Funaria hygrometrica. Chlorophyll-bodies, 38. Leafy stems. Fresh. All 
the year round. 
„ Sexual organs, 279. Male and female plants. Fresh, or in alcohol. 
Plants with the sexual organs and the sporogonia in all stages of 
development can be found nearly all the year round. 
„ Structure of spore-capsule, 285. Fresh, or in alcohol. 

Funkia ovata. Development of pollen, 316. Flower-buds of different ages. 
May. Fresh, or in alcohol. (Substitute for Hemerocallis, q.v.) 

Gall, Oak. Structure and tannin reaction, 51. Fresh, or dried. 

Ginkgo biloba, see Salisburia adiantifoUa, 

GUocapsa ealdariorum, 218. Fresh. On walls, flower-pots, glass, &o., in green- 
houses and fern-houses. All the year. 

Gleocapsa polydermatica^ 218. As substitute, see G, ealdariorum. 

Gloxinia hybrida. Embryo-sac, 834. Flowers. Fresh. 

Gymnocladus canadensis. Leaf-fall, 159. Leafy twigs. A very ornamental 
hardy deciduous tree. Prefers shaded position. (Can be used as sub - 
stitute for Msculust q.v.) 

H. 

Hart's-tongue fern, see Scolopendrium. 

Hedera Helix (Ivy). Besin canals, 123. Toung twigs. Fresh, or in alcohol. 
Hellebore, see Helleborus. 

EeUeboms fatidus (Stinking Hellebore). Cell and nuclear division and pollen- 
formation, 367. Flower-buds of various ages. Fresh, or in alcohol. 
,, Structure of ovary. Flowers. February and March. 
Helleborus niger (Christmas Bose). Structure of ovary. Flowers. January. 
(These two substitutes for ovary of Delphinium, q.v.) 
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HemerocallU fulva. Development of anther and pollen, 311. Flower-buds of 
different ages. Fresh, and in alcohol. Summer. A hardy herbaceous 
perennial. (As substitutes, Lilium, Funkia, Agapanthus umbellatust 
Tulipat Hyacinthus,) 

Hippuris vulgaris (Mare's-tail). Structure of growing apex, 170. Growing buds. 
Fresh, or in alcohol. Late spring or early summer. A native 
perennial herbaceous marsh or aquatic plant. 

Hollyhock, see Althcea rosea. 

Hordeum vulgare (Barley). Structure of growing apex of root, 183. Boots of 
plants grown in flower-pots. 

Hyacinth, see HyacinthiLs, 

Hya^inthus. Structure of ovary, 324. Full-open flowers. Fresh. (As sub- 
stitutes, see Tulipa^ LiliunifOT other Liliacess.) 
,, Development of pollen, 316. (Sabstitute for Hemerocallis^ q.v,) 

IJydroeharis Morsus-rarta (Frog-bit). Movement of protoplasm in root-hairs, 35. 
Toung roots. Quite fresh. A native aquatic, with floating rosettes of 
leaves ; easily grown in still water. 


Indian com, see Zea Mais, 

Iris florentina* Structure of leaf, 61. Leaves. Fresh and in alcohol. 

„ Wax, 81, Leaves. Fresh. 

„ Endodermis of root, 139. Boots. Li alcohol. 

,, Vascular bundle, 93. Leaves. In alcohol. 
Irin germanica. Starch-builders (leucoplasts) and starch. Surface rhizomes. 

Fresh. Both species are hardy, herbaceous, more or less evergreen. 
Ivy. See Hedera Helix, 

J. 

Juglans regia (Walnut). Leaf-fall, 159. Leafy twigs. Fresh. See also as in 
JEsculiLs. 

L. 

Laburnum, see Cytisus Laburnum, 

Larkspur, see Delphinium, 

Lathyrus (Sweet Pea, Everlasting Pea). Formation of pollen-tube, 321. 

Freshly opened flowers. 
Leptothrix huccalis, 232. In the *» fur ** on teeth. 
Leucojum (Snowflake). Development of poUen-grains of, 318. Flower-buds of 

different ages. Fresh, and in alcohol. (As substitute for Tradescantia, 

q.v,) 
Lilium (Lily). Development of anther and pollen, 315. Flower-buds of 

different ages. Fresh, and in absolute alcohol. 
„ Structure of ovary, 324. Fully developed flowers. Fresh. 
„ Cell and nuclear divisiop, 360. Flower-buds of different ages. Fresh, 

and in absolute alcohol. (As substitutes, Fritillaria^ Alstrcemeria.) 
Liverworts, see Marchantia, 


382 APPEKDix n. 

^Lupimu aVnu (Lnpine). Alentone-grains, 24. Seeds. Dry. 
Lyeopodium complanatum (Olab-moss). Stractare of stem, 14D. Stems. Fresh, 

and in alcohol. 
Lyeopodium Selago (Club-moss). Stmotnre of stem, 150. Stems. Fresh, and 

in alcohoL 
Lysimtichia (Loosestrife). Stmotnre of ovary, 326. Fully developed flower» 

Fresh. (Substitute for Primula,) 

M. 
Maize, see Zea Mais» 
Malva crispa. Pollen-grains, 319. Flowers. Fresh. (Substitute lor Althaa 

roseat Hollyhock, q.v. 
Maple {Acer)» Autumn coloration, 43. Leaves. Fresh. 
Maranta arundinacea (West Indian Arrowroot). See Arrowroot. 
Marcliantia polymorpka. Vegetative structure, 194. Thallus. Preferably fresh, 

or in alcohol. 
„ Reproductive organs and sporogones, 272. Receptacles. Fresh, and in 

alcohol. June to August. 
Mare's-tail, see Hippuris vulgaris, 
Matthiola annua (Ten-week Stock). Hairs, 73. Leaves. Fresh, and in alcohol. 

Late spring and summer. 
Metzgeria furcata. Structure of thallus, 197. 
Micrococcus Vaccina^ 231. Found in vaccine lymph. 
Mnium hornum. Reproductive organs and sporogonia, 277. May and June. 

Fresh, or in alcohol. 
Mnium undulatum. Vegetative structure, 190. Fresh. (As substitutes, Mnium 

hornum, or Polytrichum), 
Monkshood, see Aconitum NapelluK, 
, Monotropa Hypopitys (Bird Rape), Structure of embryo-sac, 330. Flowers. 

Fresh. Found occasionally in woods, etc., especially under beech 

trees ; £owers in July and August. It should be examined fresh, as it 

becomes brown and opaque in alcohol. It bears transport very well, 

and can be preserved fresh for some time in a glass of water. 
Morchella esculenta (Morell). Vegetative structure and cell-contents, 269. 

Fresh or dry. 
Morell, see Morchella esculenta. 
Mosses, see Mnium^ Polytrichum^ Funaria. 
Mucor Mucedo (Fin-mould). Structure and reproduction, 255. Found in a few 

days on a piece of damp bread placed under a bell-glass, or on fresh 

horse- dung similarly placed. For zygote production, see p. 256. 
Mullein, see Verbaseum, 
Mushroom, see Agarieus campestns, 

N. 
Naviculat see Pinnularia, 

Nerium Oleander (Oleander). Structure of epidermis, 69. Leaves. Fresh. 
A ppreenhouse ever(?reen. Leaves and flowers more or less poisonous. 
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Nitella. Botation of protoplasm in, 37. Fresh plants. Nitella can be grown 

in glass vessels of water, especially if fed with the cultare-flaid given 

on page 208. 
No9toe ciniflonum, 217. Fresh. Sometimes fonnd in large olive-green masses 

on damp paths. In some parts of the country known as ** witches* 

butter." 


0. 

Oak-gall, see Gall. 

Oat, see Avena satiua, 

(Enothera biennis (Evening Primrose). Pollen-grains, 318. Flowers. Fresh. 

Summer. (As substitutes, Epilobiunit Fuclma^ q,v,) 
Onion, see Allium Cepa. 
Orange, see Citrus vulgaris ((7. Aurantium), 
OrohidesB, Ovary, 326, see Epipactis. 

Embryo-sac, 333. Flowers some time faded. Fresh. (Substitute for 

Monotropa, q.v,) 
Ornithogalum unhellatum (Star of Bethlehem). Structure of cell- walls of seed, 

63. Seeds. Dry. 
Oscillaria, 217. Stagnant water, muddy ground, etc. 


Paonia (PsBony). Formation of pollen- tubes, 321. Flowers. Fresh. Pollen- 
grains grown in 5 p.c. sol. of sugar, and 1*5 p.c. gelatine. 

Palmellacess, 219. 

Pansy, see Viola tricolor, 

Papaver Rhcaas (Field Poppy). Structure of petals, 169. Petals. Fresh, or in 
alcohol. 

Parmelia ciliariSt see Anaptychia, 

Pea, see Pisum sativum. 

Pear, see Pyrus communis. 

Penicillium crustaceum (Blue Mould), 259. Obtained on a piece of moist bread 
under a bell-jar. 

Peronosporese, see Phytophthora. 

Phaseolus vulgaris (Bean). Starch, 10. Bean flour. 

Pkcenix dactylifera (Date). Structure of endosperm, 64. Date-stones. 

Phycomycetes, see Mucor Mucedo. 

Phytophthora infestans (Potato disease), 257. Diseased leaves of potato. Fresh. 

Picea vulgaris. Female cones and fertilization, 307. Cones. Alcohol. Mid- 
June. Fertilization is completed in June; the exact date for tbe 
locality varies from year to year. Hence cones should be gathered 
daily from June 1, and the scales, separated from one another, placed 
in absolute alcohol. Before investigation the scales must be laid for at 
least 24 hours in a mixture of equal parts of glycerine and water. 

Pinnularia viridi^^ 210. Fresh. Not infrequent in standing and running 
water. 
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I'inus sylvettris. Bordered pits, 55. Pieces of old stem in alcohol. 
„ Structure of stem and development of bordered pits, 114. Toong stems, 
and pieces of outer part of old stems, cut in June or July, and laid in 
alcohol. To be placed in glycerine and alcohol before using. 
„ Male flowers, 298. Male cones. Alcohol. May or June. Laid in glycerine 

and alcohol before using. 
„ Female flower, ovule, 304. Young cones. Alcohol. May or June. Gly- 
cerine and alcohol before using. 
„ Pollination, 806. Young cones as above, but fresh. 

Pisum sativum (Pea). Structure' of seed, and aleurone-grains, 16. Bipe peas. 
Dry. 

Pleurosigma angulatum^ 214. 

Plum, tee Prtmui domestiea. 

Polypodium vulgare (Polypody fern). Structure of petiole, 148. Leaves. Fresh. 
„ Prothallus and sexual organs, 291. See text. 
„ Sporangia, 290. Fertile leaves. Fresh. 

Polytriekum juniperinum. Structure of stem, 192. Stems. Fresh, or in 
alcohol. 
„ Antheridia, 279. Plants in " flower." May. Fresh, or in alcohol. 

Primrose, see PrimvZa. 

Primula, Ovary, 326. Flowers of any species. 

Primula sinensis. Glandular hairs, 78. Leaf-stalks. Fresh. 

Protocoecus viridis, 214. On damp bark or walls. Fresh. 

Prunus domestiea (Plum). Structure of fruit, 347. Fruit. Fresh. 

Pteris aquilina (Bracken-fern). Structure of vascular bundle, 145. Young 
leafstalks. Fresh, or in alcohol. 

Pteris eretica. Structure of root-apex, 188. Boots. Fresh, or in alcohol. 
Yery commonly cultivated in pots ; and roots can be best obtained un- 
broken by turning the plant out of the pot containing it. 

Puccinia graminis (Bust-fungus), 262. Dry, or in alcohol. Found in summer 
on different kinds of cereals, and on Triticum repens (couch-grass). 

Pyrola (Winter-green). Embryo-sac, 330. Flowtrs. Fresh. Herbaceous 
perennials, various species of which can be easily cultivated on a 
shady border, in sandy peat. 

Pyrus commvnis. Stone-cells in fruit, 47. Fiesh fruit. 

Pyrus Malm (Apple). Structure of fruit, 348. Fresh fruit. 

Q. 

Quercus pedunmlata (Oak), see Gall. 

Quercus suber (Cork Oak). Structure of cork, 156. Bottle oork. 

B. 

Ranunculus Ficaria (Pile-wort). Structure of seed, 346. 

Ranunculus repens (Creeping Buttercup). Structure of roots, 140. Boots. In 

alcohol. 
„ Structure of vascular bundle, 100. Bunners. In alcohol. 
Rhanmus Frangula (Buckthorn). Inter-protoplasmic union, 370. Secondary 

cortex. Fresh. 
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Bhododendron, Pollen, 820. Flowers. Fresh. (For substitutes, see Azalea, 

Erieat Calluna.) 
Ribes rulrum (Red Currant). Structure and development of cork, 156. Young 

and older stems. Fresh, or in alcohol. Best gathered in July. 
Jticinus communis (Castor Oil), Aleurone grains, 25. Seeds. Dry. 
Jiobinia Pseud-acacia, Leaf-fall, 159. Treat as in Mseulus, 
Rosa semperflorens. Struct are of prickles, 76, 77. Toung stems. Fresh. Also 

leaves. Fresh. 
Boss. Coloured cell-sap, 42. Petals. Fresh. 
Rue, see Ruta graveolens. 
Rumex patientia (a Dock). Glandular hairs, 79^ Stems with sheathing 

stipules. 
Bush, Flowering, see Butomus umbellatus, 
Russula rubra, 266. Fresh, or in alcohol. (As substitute, see Agarieus 

campestris.) 
Bust-fungus, see Puecinia graminis. 
Ruta graveolens (Common Bue). Structure of leaf, 160 et seq. Leaves. Fresh. 

Obtainable all the year round. A hardy sub-evergreen. 

S. 

Saccharomyces Cerevisia (Yeast), 215. Can be grown in Pasteur's fluid. 
Saccharum officinarum (Sugar-Cane). Stem. Frequently grown in hot-houses. 
Salisburia adiantifolia. Autumn tints, 43. Leaves. Fresh. A hardy 

deciduous tree. 
Salix Caprea (Goat Willow). Tannin, 52. Twigs. Fresh. Any time in the 

year. Twigs of other willows will do. 
Sambucus nigra (Elder). Cork, 152. Twigs of various ages. Fresh, and in 

alcohol. 
Scolopendrium vulgare (Hart's-tongue Fern). Structure of leaf-stalk and mid- 
rib, 148. Leaves, Alcohol. 
„ Structure of leaf, and sporangia, 287. Fertile leaves. Alcohol. 
Scorzonera hispanica (Salsify). Latex system, 103. Boots. Fresh, and in 

alcohol. A hardy kitchen-garden herbaceous plant. 
Scotch Fir, see Pinus sylvestris, < 

Selaginella Mertensii. Structure and spore-production, 296. Fertile shoots. 

Dry, or in alcohol. This, or some similar species, is universally 

cultivated in plant-houses. 
Shepherdia canadensis. Scale-bairs, 75. Leaves. Fresh, or in alcohol. Hardy 

deciduous shrub.. 
Shepherd's Parse, see Gapsella Bursa-pastoris. 
Siphdnea,see Vaucheria. 
Solanum tuberosum (Potato). Starch, 4. Tubers. Fresh. See also Phyto- 

phthora. 
Sphagnum acutifolium (^og-moss). Structure, 193. Plants. Fresh. Very 

commonly used in plant-houses. 
Spindle-tree, tee Evonymus. 
Spifochate plicatilist 231. Water containing, decaying alga, especially Spiro' 

gyra aod Vaueheria. 

C 
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Spirogyra. Structure, 208. Living plants. 
f, Conjugation, 246. Living plants. Summer. Plants in this state are 
recognisable by the crinkled yellowish look, and clinging together of 
the masses of threads. For the culture of Spirogyra, see p. 207. 

Staphylea. Formation of pollen-tube, 321. Flowers. Fresh. Grown in 5 p.o. 
solution of sugar, and 1*6 p.o« gelatine* 

Stinging Nettle, eee Urtiea dioica. 

Stock, Ten-week, see Matthifila annua, 

Sugar-Cane, see SaccJiarum offieitiantmm 

Sweet Pea, see Lathyrus, 


Taxus haeeata (Tew). Structure of root, 141. Boots. Fresh, or in aldohol. 
„ Flowers and young fruit, 801. Flowers in March. Fresh, or alcohol- 
material. The female flowers should be collected towards the end of 
April, kept in absolute alcohol, and twenty-four hours before required 
placed in half-and-half alcohol and glycerine. 
Thuja occidentalis. Growing apex of root, 185. Young roots. Best in alcohol. 
Tilia parvifolia (Lime-tree). Structure of stem, 125. Branches and twigs. 

Fresh, and in alcohol. The latter best gathered in July. 
Toadstool, see Amanita, • 

Torenia asiatica. Fertilization, 334. Flowers. To study fertilization, the 
flowers selected should be pollinized by hand a day and a half, or two 
days, before they are required. Torenia is a hot-house shrub, flower- 
ing in June or July. 
Tradescantia virginica. Movements of protoplasm, 28, 34. Flowers. Fresh. 
T. virginica is a hardy herbaceous perennial, flowering from May or 
June to September. 
„ Stomata, 65. Leaves. (T. zehrina, a common plant in plant-houses, can 

replace this.) 
„ Structure of Pollen-grains, 816. Flowers and buds of dififerent ages. 

Fresh. 
„ Development of pollen-tube, 821. Freshly opened flowers. Grown in a 

solution of 5 p.o. sugar and 1*6 p.o. gelatine. 
„ Oell and nuclear division, 356. Fresh flower-buds between } and | inch 

high. Stamens should be examined in 8 p.c. sugar solution. 
„ Direct nuclear division, 369. Old stems. Fresh. 
Tradescantia zehrina. Stomata, 66. Leaves. Fresh. 
Triticuin durum (Wheat). Starch, 11. Wheat grains. • Diy. 
Triticum vulgare (Wheat). Structure of graan ; alenrone, 19. Wheat grains. 
Tropaolum majus (** Nasturtium," or Indian Cress)* Colour bodies, 40. Flowers. 
Fresh. 
„ Water-pores, 70. Leaves. Fresh, and in tlooboh 
Tulip, see Tulipa. 

Tulipa. Development of pollen, 316. (Substitute for HemeroeattU, q.v.\ 
Flowers. April and May. Fresh, and in alcohol. 
,y Structure of ovary, 324. Old flowers. Fresh, or in alcohol. 
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/ 

XT. 

Urtiea dioiea (Stinging Nettle). Stinging hairg, etc., 77. Young leafy stems. 
Fresh. 


Vallianeria spiralis. Movements of protoplasm, 36. Strong, rather old, lefaves. 

Fresh. Very commonly and easily grown in aquaria. 
Vauelieria sessilis. Structure and reproduction, 250. Strong plants taker 

from still or flowing water, and placed the day before wanted in a 

shallow vessel with fresh water. 
Verha&ewn nigrum (Mullein). Coloured cell-sap, 41, 74. Flowers. Ftesh. 
y^ Hairs* Flowers. Fresh, or in alcohol. 
„ Ends of vascular bundles. Flowers. Fresh, or in alcohol. A native 

herbaceous ptaorennial, flowering in July and August. 
Verhascum thapsiform^. Hairs, 75. Leaves. Fresh, or in alcohol. 
Vimsa majoTy or F. minor (Periwinkle). Coloured celUsap, 42. Flowers. 

Fresh. 
„ Sclerenchyma fibres, 58. Stems. Fresh, or in alcohol. Native, or intro- 
duced, perennial evergreen plants, flowering July to September. 
Viola tricolor (Pansy). Hairs, 74. Flowers. Fresh, or in alcohol. Can be 

had from May to September. 
Virginia Creeper, 84e Ampelopsis hederacea. 

W. 

Wallflower, see Cheiranthm Cheiru 
Willow, see Salix, 

Y. 
Yew, set Taxus haccata* 
Yticca, Structure of ovary, 325. Ovaries. In alcohol. 

Z. 

Zea Mais (Maize). Structure of vascular bundles, 83. Toung stems. In 
alcohol 


APPENDIX III. 

EEAGENTS USED IN THIS WORK, AND HOW IK) PEEPAEE AND USE THEM. 

All the reagents in this list can be obtained ready made of Messrs. Southall 
Bbos. & Babclay, Mannfactoring Chemists, Birmingham, or of Dr. Geobge 
GadBLEB, Leipzig, Dufour-Strasse, No. 17. Or the materials can be obtained 
from the same source ; and the student will find in this Appendix instructions 
how to prepare them for use. It is hoped that the instructions are sufficiently 
explicit ; but the Editor will be glad to have errors or inefficient descriptions 
pointed out to him. 

Percentage solutions are made either by weight or volume ; or, if the metric 
system (see Appendix I.) is used, by either indiscriminately. Thus, 1 per cent, 
acetic acid in water is made by taking 1 volume acetic acid and adding to 99 
volumes distilled water ; 5 per cent, potash solution, by taking 5 gram, potash 
and adding to 95 cc. distilled water (1 gram, weight » 1 cubic centimetre 
volume). ' 

A saturated solution can be secured by seeing that some of the salt, etc., is 
always lying undissolved at the bottom. 

Further information as to the uses of the reagents will be found by reference 
to the General Index. 

N.B. — ^For all purposes where alcohol up to 90 per cent, is used (i.e. "alcohol," 
not " absolute alcohol,") strong methylated alcohol will serve. Its alcoholic 
strength varies from about 85 to 90 per cent. Percentage compositions can 
therefore be made with it instead of absolute alcohol. 
Approximately 50 per cent, alcohol =56 parts strong meth. ale, 44 water. 
60 per cent. alcohol»67 parts nieth. ale, 33 water. 
70 per cent, alcohol » 78 parts meth. ale, 22 water. 
82 per cent, alcohol =91 parts meth. ale, 9 water. 
(As this is a rather special strength it is best prepared with 
absolute alcohol.) 
90 per cent, alcohol = strong methylated alcohol. 

A. 

Acetic acidy Glacial, 

Acetic acid, 1 per cent. For fixing the nucleus, especially in combination with 
methyl- green or gentiana-violet. 

Acetic acidf 2 per cent. For fixing and defining nuclei. 

Acetic acid, 38 per cent. In Barfoed's sugar reaction. See p. 49. 

Acetic add is an excellent clearing reagent, for rendering tissues trans- 
parent, and showing up the cell-walls. It is likewise used to distinguish 
crystals of oxalate of lime, as they are not soluble in it. 

Acetic acid and Oentiana-violet, See Gentiana-violet. 

Acetic acid and Methyl-green. See Methyl-green. 
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Agar- Agar, Obtained from Etusheuma gelatin ee, ot Oigartina' speciosa, is nsedi 
in the Ea^t in the place of ordinary gelatine, for preparing sonps and 
jellies. It bears, without liquefying, higher temperatures than ordinary 
gelatine. See also footnote to page 241. 

Alcanna root and tincture. Used for resin reactions. The alcoholic tincture 
of alcanna is added to so much water that the resin will not dissolve in it, 
or a thin chip of alcanna (Alkanet) root, washed in water to remove dust, 
can be placed with the preparation, and dilute alcohol run under the cover- 
glass. The resin drops colour deep red in two or three minutes. The 
coloured drops are dissolved in strong alcohol. Alcanna-tincture also 
stains protoplasm pale rose-red,' from a quarter to half an hour being 
needed. It is often used to identify the ground substance of oil-containing 
seeds. 

AlcoJiol, Absolute. Where the alcohol should contain a very specific proportion 
of water, it is better to use absolute alcohol diluted, as ordinary spirit varies 
slightly in strength, and almost always contains acids. Thus, material 
preserved for working with carbonate of lime crystals (cystoliths) always 
shows these dissolved if kept in ordinary spirits. Where expense is an 
object, methylated spirits, — only about one-tenth the price, — can however 
for most purposes be used. (See under the special heads in Appendix II.) 

Alcohol, 50 per cent. Used with alcanna, for resin reaction. See 119 ; also for 
making picric alcohol, and picric aniline-blue. See 370. 

Alcohol, 60 per cent. See 234. 

Alcohol, 70 per cent. Used in treating overstained preparations. See 365. 

Alcohol, 82 per cent. Used to harden celloidin in. See 329. 

Alcohol, Acidulated, 70 per cent, alcohol -{-0*5 per cent, hydrochloric acid. 
Used in overstaining. See 206. 

Alcohol and Glycerine, half and half. 

Alcohol, Methylated. 

Alcohol, Picric, Picric acid dissolved in 50 per cent, alcohol. An exceedingly 
good fixing and staining reagent for filamentous algaa. 

Alum, watery solution. 

Ahiin-carmine, Grenachefs. See Carmine. 

Ammonia, strong watery solution. Used often instead of potash, for clearing 
tissues, eta Also, after the use of nitric acid, to produce the yellow colour 
in protoplasm, known as the Xanthoproteid reaction. By the same reaction 
the middle lamella of thick-walled tissue is stained yellow. Ammonia is 
also of great service in softening dry hetbarinm material, preparatory to 
microscopical examination. 

Aniline-blue, watery solution. Used for staining the callus of sieve-plates in 
sieve tubes. 

Aniline-blue (Hoffmann^* Blue), dissolved in 50 per cent, alcohol and containing 
1 per cent, acetic acid, can be used for the same purpose. It likewise 
stains protoplasm and not the cell- wall, as the colour can be removed from 
the latter by washing in water and mounting in glycerine. Alcohol material 
must be washed with water before staining. See also Methyl-blue (or 
Methylene-blue). 

Aniline-blue with picric acid. See Picric aniline- blue. 
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AniUne-ffreen (Acetic), - BisBolve aniline-green in 1>2 per cent, eolation of 
glacial aoetio acid in distilled water until the solution is of a dear blue- 
green oolour. Especially good for fixing and staining the nucleus in its 
stages of division. The oolour is not peimanent. 
Stt aUo Methyl-green. 

Aniline oil. See Phenylamine, 

Aniline iulphate or chU/iide. Test for lignin. In dilute wateiy, or in alcoholic 
8olati<ni, alcoholic chloride being best. Treat the section fixst with this, 
and Ugnified walls are stained yellow. If the section is subsequently 
treated with dilute sulphuric or dilute hydrochloric acid, the colour is 
deepened. Or a mixture of the solution with ^ its bulk of sulphuric or 
hydrochloric acid can be kept. 


B. 

Beale'e carmine. See Carmine. 

Bismarck brown. Watery solution. Used for staining Bacteria, 280. 

Borax-carmine {Orenacher^s). 2>3 per cent, carmine dissolred in solution of 4 
per cent, borax in water ; dilute with an equal volume of 70 per cent, 
alcohol, and filter after allowing it to stand for some time. 

Borax-carmine {Thiersch' t). 4 parts carmine dissolved in 56 parts distilled 
water ; to this solution 1 part carmine is added ; afterwards, one volume of 
this is mixed with two volumes absolute alcohol, and filtered (Arch, far 
mikr. Anat. i., page 149). This fluid stains somewhat slowly, but very 
beautifully. Preparations are best overstained, and then laid for some 
time in a watch-glass in 50 or 70 per cent, alcohol containing a drop of 
hydrochloric acid {see Alcohol, acidulated). Used especially for nuclear 
staining. Preparations must be preserved in glycerine, or glycerine jelly. 


Camphor. For use, see p. 308. 

Canada balsam. Dissolved to the thickness of syrup, in turpentine, chloroform, 
benzole, or xylol. It can be obtained dissolved in turpentine in metal 
tubes like those used for liquid colours, and is very convenient in this 
form. 

Carbolic acid. In alcoholic and watery solutions, used f(Nr elearing prepara- 
tions, and is often better than potash. 

Carbolic acid in hydrochloric acid. Dissolve carbolic add in warm hydrochloric 
add, and, while the mixture is cooling, add sufficient hydrochloric acid to 
dissolve any precipitate that may be formed. Lignified tissues treated with 
this reagent and exposed to sunlight, show a greenish-ydlow or blue-green 
colour. 

Carbon bisulphide. Solvent for sulphur grains, in Beggiatoa aXba. 

Carmine. Solutions of carmine usually oolour diffusely; but the nudd usually 
show very well stained if the preparations are afterwards treated for some 
time with acidulated alcohol (g.t;.), or with acidulated glycerine, i.e, glycerine 
containing ^ per cent, hydrochloric add. 
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Carminet Alum {Grenaeher'i). A 1-5 per cent, wateiy solutioa of common 
or ammonia-alam is boiled for from ten to twenty minutes with ^1 per 
cent, powdered carmine, and, after cooling, is filtered. A trace of carbolic 
acid is added. (Arehiv^f. mikr. Anat, zvi., p. 465.) 

Carmine, Ammonio-tuietic (Hoyer'a), 1 gram, carmine is heated in a sandbath 
in abont 1-2 cc. strong ammonia solution and 6--8 co. distilled water till 
the excess of ammonia is volatilized. When it forms only small bubbles 
the ammoniacal combination commences to decompose, and the solution 
becomes a clear red colour. After cooling, the precipitate is filtered o£F, 
leaving the fluid perfectly neutral. To this liquid add four to six times its 
volume of absolute alcohol ; a clear red precipitate is formed, which can 
be filtered out and preserved. When required, this powder can be dissolved 
in water, and the solution is made permanent by the addition of 1-2 per 
cent, chloral hydrate. {Biol. CentraZb, ii., p. 18.) 

Carmirut Ammonio-acetic {Hamann^s), To an ammoniacal solution of carmine, 
acetic acid is added until a precipitate begins to be formed. Filter the fluid 
before using. By the addition of 1 to 2 per cent, chloral hydrate it is made 
more permanent. 

Carmine, Beale^s, 0*6 gram, powdered carmine is dissolved in 2-3 cc. con- 
centrated ammonia. At the end of an hour a mixture of 66 cc. water, 
47'5 cc. heavy glycerine, and 19 cc. absolute alcohol is added to it. Mix, 
and after some time fllter. (How to Work with the Microscope, 4th edit, 
p. 109.) 

Carmine, Borax, See Borax-carmine. 

Carmine, Picric, Dissolve Hoyer's carmine {see above) in a saturated watery 
solution of picrate of amfiionia. 

Cedar, Oil of. Used for treating preparations of bacteria, prior to mounting in 
Canada balsam or dammar. See p. 230. 

Celloidin, A form of collodion. Use of, 329. 

Cherry-wood extract. Twigs of cherry, rejecting the thin, green parts, are out 
up into thin shavings, steeped in absolute alcohol for twenty-four hours, 
to remove the chlorophyll as much as possible. The shavings are now 
shaken free of the discoloured alcohol and steeped in a new supply, and 
allowed to remain for several days, being frequently stirred. This fluid is 
then filtered, and evaporated down until a fragment of very coarse 
unbleached blotting-paper moistened with it, and subsequently with hydro- 
chloric acid, quickly becomes a deep violet colour. The residual fluid thus 
obtained is brown, and smells like camphor. Preserve in a well-closed 
bottle. Beagent for lignin, 59. 

ChUraUhydra te. Used as a clearing reagent, especially for pollen-grains, 319, 320. 

Chloroform, Solvent of fat and etherial oils. 

Chlorzinc iodine (Iodized chloride of zinc, Schultze's solution). Zinc is dis- 
solved in pure hydrochloric acid, and the solution evaporated (metallic zinc 
being kept in it during the process) to the consistence of strong sulphuric 
acid ; in this is dissolved as much iodide of potassium as it will take up, 
and finally as much metallic iodine as it will dissolve. (Nageli : Stzher, d. 
Kgl, Akad, d, Wiss,, 1863, p. 383). Chlorzinc iodine is the simplest reagent 
for cellulose. 
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Chlorzinc iodine and iodine. Dissolve iodine in the ohlorzine iodine till a pre- 
cipitate begins to be formed. This Anid stains the callus of sieve-plates a 
deep brown colour. 

Chrom-cuietic acid^ 1 per cent. Chromic aeid 0*7 per cent., acetic acid 0*3 per 
cent., in water. Used for " fixing ** algce. Time taken, up to 24 hours. 

Chromic acidy 0*5 per cent. For fixing bacteria. 

Chromic dcid^ 1*0 per cent. For fixing NitelUiy filamentous algae, etc. 12 to 24 
hours. 

Chromic dcid^ 20 per cent. Used in preparing skeletons of diatoms, 213. 

Chromic acid, 25 per cent. Dissolves membrane of poUen-grains, 318. 

Chromic acid. Concentrated, Dissolves the middle lamella of lignified tissue, 59. 
Does not dissolve cork, 155. Skeletons of diatoms, 213. 

(AU these Chromic Acid solutions are in Water.) 

Cloves, Oil of. Used for clearing sections prior to mounting in Canada balsam, 
. etc. 

Copper, Acetate, Used in Barfoed's sugar reaction, 49. 

Copper, Amman-oxide (cuproxide ammonia, ammoniacal cupric oxide). Oxy- 
hydrate of copper is carefully precipitated from the sulphate by a dilute 
solution of ammonia; the clear green precipitate, separated and washed, 
is added while still moist to strong ammonia, in which, upon slightly 
warming, it is dissolved. Upon cooling, crystals of sub-sulphate of copper 
and ammonia fall to the bottom. The filtered liquid contains only the 
ammoniacal cupric oxide in solution. It must be kept in bottles of dark 
glass, or in the dark (Schweitzer, Vierteljahrsschr. d. naturf. Gesell. in 
Zurich, Bd. II. 1856). It can also be prepared by digesting copper turnings 
in an open bottle with the liquor ammon. of the Pharmacopceia. As it is 
very easily decomposed by light, it is perhaps best prepared fresh, when 
required. It is fit. for use only so long as it rapidly dissolves cotton-wool. 

Copper, Sulphate, Used in Fehling's solution for sugar, 48. 

Corallin solution. Dissolved in water with the help of 30 per cent, its own 
weight of carbonate of soda. To prevent its altering, a little camphor can 
be added to the solution. 

Constantly used for staining and differentiating mixed tissues. Specially 
stains lignin, sieve-callus, and starch. 

Crystal Palace glass cement, or other similar cement, such as Coaguline. For 
fixing card labels on object-slides. 


Dammar, Oum, Dissolved in warm turpentine, and evaporated to the thickness 
of syrup. Can be obtained in tubes ready for use. 

Diamond-Juchsin-iodine-green. Make a solution of fuchsin and of iodine-green 
in 50 per cent, alcohol; pour the iodine-green into a saucer and slowly 
add to it the fuchsin solution till the fluid has taken a distinct violet 
colour. Used for nuclear staining. See p. 866. Preparations can be 
mounted in glycerine. 

Diphenylamine. 0*06 gram, in 10 co. pure sulphuric acid. Used as reage 
for nitrates and nitrites. See p. 49. 
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E. 


Eau de Javelle (Potassium hypoohlorite). 

Eau de Labatraque (Sodium hypochlorite). 

I give potassium hypochlorite the preference, though the two differ little 
in their action. It is best to prepare the Eatt de Javelle yourself, by 
mixing 20 parts of the officinal (25 per cent.) chloride of lime with 100 
parts water, allowing it to stand some time, and adding a solution of 1$ 
parts pure potash in 100 parts water. After allowing it to stand for one or 
several hours the mixture is filtered, and the filtrate used. Should lime 
still remain in the solution, and as a result the drops brought into use form 
in the air a skin of dystalline carbonate of lime, this is easy to remove by 
adding a few drops of potash solution and filtering off the precipitate. 

Egg, White of. Used, diluted with water, and with the addition of a little 
camphor, for observations in the embryology of Gymnosperms. See p. 308. 

Enclosing {or mounting) fluid, Hoyer^s, for Aniline preparatiom, A tall glass 
vessel with a wide neck is filled up to two- thirds with gum-arabic, in 
selected white pieces. The vessel is then filled up to the neck with a solu- 
tion of 50 per cent, acetate of potash, or with a watery solution of acetate 
of ammonia containing, to each 30 gram., 10 gram, of caustic ammonia 
neutralized by a sufficient quantity of acetic acid. The gum is dissolved 
in a few days, if the vessel is often shaken, and forms a syrupy fluid, which 
is filtered through thick swansdown — a process taking about 24 hours. 
BioL CentrhL, Bd. II. p. 23. 

Encloiing fluid for Carmine and Hcematoxylin {Logwood) preparations. This 
is prepared as above, excepting that, instead of acetate of potash or of 
ammonia, a concentrated solution of chloral hydrate, to which is added 
5-10 per cent, glycerine, is used. After some time this fiuid may become 
turbid, and it is then necessary again to filter it. 

Preparations mounted in either of these fiuids require no further en- 
closing. 

Eosin, Strong solution in alcohol. Stains protoplasm deeply. Especially 
useful for sieve-tubes. 

Eosin, Watery, Acts in much the same way. 

Etfier. As a reagent, used as a solvent for fat and oerio acid. Used also to dis- 
solve cake oelloidin. See p. 329. 


F. 

Fehling^s Solution, For preparation, see p. 48. A reagent for glucose. 

Formic gentiana-violet. See Gentiana-violet. 

Formic methyUgreen. See Methyl-green. 

Fuchsin {Magenta). In 100 gram, of a 5 per cent, watery solution of carbolic 
acid is dissolved 1 gram, fuchsin (magenta), and then 10 gram, alcohol 
added. Filter. This fluid keeps well. It is advisable to warm the fluid 
in using it. 
Used for staining tuberde-bacilli, 235« 
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Fuehsin, Dissolved in half-and-half alcohol and water. Sections treated pre- 
viously with alcohol and stained with this, show up the strncture of 
thickened cell-walls. Stained, and washed in absolute alcohol, the colour 
is removed from all excepting corky walls ; very briefly washed, it is left 
also in lignined membranes. 

Fuehsin with iodiTie-green, See Diamond-fuohsin iodine-green. 


GeUtine, Used in cnltiyation of pollen-grains, 321. 

Oentiana^violet, ' Very dilate watery solution stains decolorized ohlorophyll- 
bodies, and other chromatophores. Used also for staining bacteria, 222, 
229. 

Oentiana-violett Acetic. Gentiana-violet is dissolved in 1 per oent. solution of 
acetic acid till the solution has a deep violet colour. 

OenHcma-violet, Formic. Prepared with 1 per cent, solution of formic acid, as 
above. 

These two stains are invaluble in preparations to show nuclear figures. 
They keep in glycerine. 

Qentiana^olet in aniline water. For preparation, see pp. 284-5. Used for 
staining bacteria in the tissues. 

Qlycerine. Used also for clearing tissues by heating, 232, 842, and for de- 
hydrating, 289. 

Glycerine acidulated. Used like acidulated alcohol, q.v. 

Glycerine^ concentrated. An invaluable mounting medium. 

Glycerine^ diluted. Two parts glycerine, one part water. 

Glycerine and alcohol. Half and haU. Used especially for softening hard 
alcohol material. Preparations showing fixed cell-contents are best not 
transferred direct from alcohol to glycerine, but placed in a mixture of 
alcohol and glycerine allowed slowly to concentrate. 

Glycerine-gun, 10 gram, gum-arabic, 10 ce. water, 40 to 50 drops glycerine. 
(Dippel, II. Aufl., Bd. I., p. 778.) Used for embedding in section-cutting, 
192, 338. 

Glycerine-jelly (Kaiser's). Oiie part by weight of finest French gelatine is 
softened for about two hours in six parts by weight of distilled water. To 
this is added 7 parts by weight of chemically pure glycerine, and to each 
100 gram, of the mixture is added 1 gram, concentrated carbolic acid. It 
is then warmed for from 10 to 15 minutes, while continually stirring, till 
all the flocculence which the addition of the carbolic acid caused has dis- 
appeared. While still warm, it is filtered through the finest cloth of spun- 
glass, which has been previously washed in distilled water, and laid in the 
funnel while still damp, {Bot. Centralb., Bd. I., p. 25). Can be obtained of 
E. Kaiser, Berlin. 

Gold-size. Finest English. 

Gum-arahic. . Use in making Enclosing fluids etc., and for embedding. 

Gum-arabic. 10 per oent. clear filtered solution. Used for slackening move- 
ments of spermatozoids, 293. 
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Hamatinammonia* For preparation and method, ue pp. 205-6. Used for 
staining cell-contents of filamentons alges, which have been fixed in picric 
acid only. Troublesome, but often exceedingly beautiful. 

Hamatoxylin (Logwood). Bohmer's. Dissolve 0*35 gram, hematoxylin in 
. 10 gram, absolute alcohol, and add this solution drop by drop to a second 
solution of 0*1 gram, alum in 30 gram, distilled water until a beautiful 
blue-violet colour is produced. 

HcBmatoxylin (Logwood). Grenaoher's. Prepare, — 

(1) Saturated solution of heematoxylin in absolute alcohol. 

(2) Saturated solution of anunoniacal alum crystals in distilled water. 
Take 4 cc. of (1) and mix with 150 co. of (2). Allow it to stand in the 

light for a week, filter, and add to it 22 cc. glycerine and 25 cc. methylated 
alcohoL Before use it is best to allow it to stand for some time till any 
precipitate has time to settle. 

These solutions stain best if old, and should be used very dilute, t.«., 
a few drops in a watch-glass of water. Alcohol preparations must pre- 
viously be placed in water. All adds must be avoided, though ^ per cent, 
hydrochloric acid is useful in case of overstaining (see pp. 205 and 365). 
Logwood is invaluable for staining cell-contents, nudear figures, etc. 

Hydrochloric acid, ^ per cent, in 70 per cent, alcohol. Used in restoring over- 
stained logwood preparations. See p. 365. 

Hydrochloric acid, ^ per cent, in 70 per cent, alcohol. Used in restoring over- 
stained carmine preparations. See p. 206. 

Hydrochloric acid, 10 per cent, in water. 

Hydrochloric acid, 30* per cent. 

Hydrochloric acidt Concentrated, 


Iodide of zinc in glycerine, A eonoentrated solution of pure dry iodide of zinc 
in pure glycerine. After filtering, if necessary, evaporate in a water-bath 
to the refractive index 1*518, for the D line of the spectrum. Used as an 
immersion fluid. 
Does not attack balsam used as setting of the objective lenses. 

Iodine, in alcohol. Officinal tincture of iodine, diluted with alcohol to a dark 
sherry colour. Or iodine dissolved in alcohol to the same tint. 

Iodine, in chloral. Solution of 5 parts chloral hydrate in 2 parts water, with a 
little iodine solution added. Used for decolorizing chlorophyll-bodies, and 
showing the contained starch-grains. 

Iodine, in glycerine. Iodine dissolved in glycerine, and water added to dilute it. 
When undiluted, can be used to show minute grains of starch, e,g. in 
growing points, by carefully heating the preparation in a drop. 

Iodine, in potoBsium iodide. Take 5 eg. iodine, 20 eg. potassium iodide, and 
15 CO. distilled water. 

Iodine, and eulphuric acid (colours cellulose blue) . Best obtained with potassium- 
iodide iodine, and sulphuric acid diluted with half its volume of water, i,e, 
2 vols, acid to 1 vol. distilled water. 
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Iodine in water. 

Solutions oi iodine should be kept in darkness, or else in coloured glass 

bottles. Or the stoek can be kept in a dark cupboard, and that in use 

replaced every month or so. 
Iodine. See also Chlorzinc iodine. 

Iodine-green. Used especially in double-staining. See 92, 93. 
Iodine-green, Formic. In 1 or 2 per cent, formic acid iodine-green is dissolved 

until the fluid appears a deep blue-green colour. 
Iodine-green, Acetic. In 1 or 2 per cent, acetic acid, etc., as above. 
Iron-alum solution. Used to remedy overstaining with logwood, 866. 

ri .J J . r "^^^^ in tannin reactions, 62. A dilute watery 
Iron-perchhmde solution. V g^lution, to which a drop of nitric acid may be 
Iron-mlphate solution. / added 


Lavender, Oil of. Used as a clearing reagent, instead of oil of cloves, before 

mounting in dammar or Canada balsam, 366. 
Lemon, Oil of. Used as a clearing reagent for pollen-grains, 819, 820. 
Lime, phosphate. Used in culture fluid for fresh-water algsB, 208. 
Lime, sulphate. The same. 
Linseed oil. Used for diluting gold-size, 866. 
Logwood. See Hamatoxylin. 

M. 

Macerating mixture, Schtdtze*s. Several methods for using this important 
reagent have been suggested. 

/ (1) Place in a wide test-tube some pieces of chlorate of potash, and poqr 
f over them sufficient strong nitric acid to completely cover them ; then lay- 
I in the fluid longitudinal sections of the material and warm over a flame till 
I gas is actively evolved. Allow it to work for a few minutes, then empty the 
' whole into a dish of water, and carefully wash. Remove the sections with 
a glass rod into another vessel of water, and thence into water on an object 
; slide ; there they can be torn to pieces with needles. 

(2) Put the sections in a tube with an equal bulk of chlorate of potash, 
cover with concentrated nitric acid, and proceed as above. 

(8) Use 1 gram, chlorate of potash to 60 oo. nitric acid, and proceed as 
above. 

(4) 8 grains chlorate of potash and 2 drachms nitric acid (sp. gr. 1*10) ; 
keep the sections in this, cold, for a fortnight. 

After carefully washing in alcohol, the preparations as above ean oe pre- 
served in glycerine. 
Magenta. See FucJisin. 

Magt^sia sulphate. Used in culture fluid for Alg», 208. 
Marjoram, Oil of. Clearing reagent, before mounting in dammar or Canada 

balsam, 866. 
Methyl-hlue (Methylene-blue). Watery solution. Preparations washed, after 
staining, in water, show the cell-wall coloured, and not the protoplasm. 
Sections of alcohol-material must be washed in water before staining. 
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Methyl-green, Alcoholic solution, used for material in absolute alcohol. Stain 
for 5-30 minutes, wash in distilled water, and mount in glycerine. Stains 
nuclei only. 

Methyl-green, Acetic, See Aniline-green, Acetic. 

Methyl-green, Formic. Dissolve methyl-green in 1-2 per cent, of formic acid 
till a deep blue colour is produced. 

Methyl-violet. A concentrated alcoholic solution should be kept. For use, it 
can be added drop by drop to a little distilled water till this is deeply 
ooloured. This fluid is specially used for staining the pellicle (zoogloea) 
of bacteria. A portion of the pellicle is placed on an object-slide, and a 
drop or two of the methyl-violet placed thereon and allowed to remain, till 
the stain appears sufficiently deep. A little experience is needed here to 
judge the strength of the fluid and depth of the staining. If this is too 
deep, the jelly in which the bacteria are embedded is also stained. After 
staining, wash the preparation with water, or, better, with a 10 per cent, 
solution of acetate of potash. After lying for half an hour in the air, tbe 
preparation can be mounted in Canada balsam ; not in glycerine, as that 
dissolves out tbe colour. Or it can be mounted in a watery (10 per cent.) 
solution of acetate of potash. 

Methyl-violet in sulphuric acid. Dissolve methyl-violet in strong sulphuric 
acid till brownish-green; then add water slowly till violet. This swells 
cell-walls and stains protoplasm. Hence it is very useful for sieve-tubes. 
Stain the preparation, and then wash with water. 

Methyl violet, Watery solution. Used as stain for chromatophores, 39, 41. 

Millon*8 reagent. Dissolve metallic mercury in its weight of concentrated nitric 
acid, and dilute with an equal volume of distilled water. This reagent 
ought to be prepared fresh. Swells cell-walls, and displays their lamina- 
tion. Protein substances are disorganized, but, after standing for a while, 
take a characteristic brick-red colour. Slightly warming hastens this. 
(This reaction appears to fail sometimes.) 

Molybdate of ammonia. Dissolved in a concentrated solution of ammonium 
chloride. 

Mounting fluid. See Enclosing fluid. 

N. 

Nigrosine (Quality I. of Trommsdorf). Watery solution. 

Nigrosine, Picric. To a saturated watery solution of picric acid, a small quan- 
tity of watery solution of nigrosine is added till the fluid appears a deep 
olive-green colour. Exceedingly good for unicellular and filamentous 
aJgsB, staining and fixing at the same time (12-24 hours). 

Nitric add. Used in xantho-proteid reaction, q. v., and for maceration. 

0. 

Cfsmie acid, 1 per cent. Must be kept in darkness, and in a well-closed bottle. 

Colours oil-drops brown. Instantaneously fixes living protoplasm, and 

- hence serves in nuclear studies. In a mixture of 9 parts 0*26' per cent. 

chromic acid solution, and 1 part 1 per cent, osmic acid, filamentous algs, 

NiteUa, etc., can be at the same time hardened and staine^d. 
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p. 

Phenol. See Carbolic acid. 

Phlorogluein. Alcoholic (or watery) solution, 1 to 5 per cent., or even so low 
AB ^ V^T^ ce>^^ * ^^ do. Followed by hydrochloric acid, is the beat reagent 
for lignin; see p. 59. Fhloroglnein is expensive, but a convenient sub- 
stitnte can be prepared from cherry-wood. See Gheny-wood, extract. 

Picrie add. Saturated watery solution. 

Picric alcohol. Picric acid dissolved to saturation in 50 per cent. alcohoL 

Picric aniUnC'hlue* To a saturated wateiy solution of picric acid, about 4 per 
cent, of a saturated watery solution ol aniline-blue is added, so that a 
deep blue*green fluid is produced. 

Picric nigrosine. See NigroHne, Picric. 

Potash (Potassium hydrate). Concentrated watery solution. A test for 
suberin (p. 155). Suberized tissues placed in it become yellow ; if warmed, 
the colour is much deeper ; if boiled, the suberin is exuded in the form of 
yellowirii drops. 

Potasht Dilute watery solutioHf 5 or 6 per cent. SpeciaUy used aa a ** olearing " 
reagent. 

Potashf Acetate of. Concentrated solution in water. TTsed as a mounting fluid. 
After covering with the cover-glass, the preparation must not be sealed 
for about 24 hours. The fluid does not crystallize. See pp. 172, 177. 

Potash, Alcoholic (Bussow's). Beotified spirit is mixed with a ooncentratfd 
watery solution of potassium hydrate till a slight precipitate is formed. 
The fluid is frequently shaken, and allowed to stand for 24 hours. The 
resulting weakly yellow fluid is poured off from the sediment, and for 
use must be diluted with half its volume of distilled water. For the ordi- 
nary purposes of dilute potash this is preferable to the watery solution. 

All these potash reagents, especially the watery solutions, must be kept 
in well-stoppered bottles, and the stopper occasionally anointed with 
vaseline. 

Potash, Bichromate of, 10 per cent, solution in water. Beagent for tannin. 

Potashf Chlorate of. Constituent of Schultze's macerating mixture. 

Potash, Nitrate of. A constituent of culture-fluid for algas, 208. 

PotcusiO'Sodie tartrate. Used in Fehling*s sugar reaction, 48. 

B. 

Rosaniline violet (B&nBi&in^BJ.—'Eqn&l parts methyl-violet and fuchsin (majenta) 
mixed and dissolved in alcohol. Shows stratification of cell-walls, and 
differentiates sections of stems, especially monocotyledons. Stains pro- 
toplasm bluish- violet ; amyloid substances, nucleus, and gums different 
shades of red ; resins, blue ; tannin, foxy-red ; cellulose, pale violet ; lignin, 
reddish ; bast-fibres, deep red ; sieve-tubes and bast parenchyma, hardly 
atalL 

a 

Safranin in aleoM (absolute). Saturated soltttion. Stains nucleus well in 
material hardened in alcohol, chromic acid, or picric acid. In the latter 
two cases the sections must first be washed in water, and then placed in a 
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little of the BafEranin solation dilated with an equal quantity of distilleil 
water. Leave in this from 12 to 24 hours. They can be examined 
from time to time in a drop of the same fluid to see how the staining is 
proceeding. Then wash in absolute alcohol till they cease to give off 
colour ; place in oil of cloves or of marjoram, and then mount in dammar 
or Canada balsam. 

Safranin in water. To differentiate stem of Lycopodium, 149. 

Schultze'8 fmd. See Chlorzino iodine. 

Schultxe*8 macerating mixture. See Macerating mixture. 

Shellac, The clearest possible, dissolved in absolute alcohol to the thickness of 
syrup, and Altered. A mounting medium, 365. 

Soda, Caustic. Solution of sp. gr. 1*12. Used in Fehling*s sugar reaction, 48. 

Sodium chloride (table salt). Used in culture-fluid for algfls, 208. 

Sodium sulphite, 232. Used, warmed, as a solvent for sulphur-grains. 

Sugar (Cane). For solutions. 

Sulphuric acid, concentrated. 

Sulphuric acid, dilute. Equal volumes of sulphuric acid and water. Also 2 
acid : 1 water. 

T. 

Turpentine. 


Vaseline, 

Vesuvin. Water solution. Used for staining baoteriay 230. 

W. 
Wax. Small wax candles. 


XantTtoproteid reaction, iot protoplasm. With raocemiye use of nitric acid and 

ammonia, protoplasm colours yellow. 
Xylol. 
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General Notes on Methods and Selected Beaoents. 

The following notes include the most usefol of the reagents given in Appendix 
III., and those therefore which it is desirahle should be included in a limited 
selection. They are classified according to their purpose or nature. 

For alcohol and methylated spirit, see a note at the beginning of Appendix III. 

MicBo-cHEMicAL Beagents. — Thesc are used on account of certain effects 
(reactions) which they produce upon some constituent or other of the plant, 
and by which therefore the presence and nature of that constituent can 
be recognised. Naturally in micro-chemistry we are restricted to optical 
reactions, and hence these reagents always produce distinctive effects, either 
swelling, dissolving, colouring, evolution of gas, etc. 

(1) Iodine in alcohol, 

(2) lodiTie in glycerine. Can be made from (3) when required. 
(2*) Iodine in chloral hydrate, 

(8) Potassium-iodide iodine^ 

(4) Chlorzinc iodine, 

(4*) Chlorzinc iodine and iodine. 
Acids. 

(5) 'Sulphuric acid (concentrated), 

(6) Sulphuric acid {dilute^ 2 acid : 1). Can be prepared from (5). 

(7) Hydrochloric acid (concentrated), 

(7*) Hydrochloric acid (^ per cent* in 70 per cent alcohol). 
(7t) Hydrochloric a>cid (^ per cent, in 70 per cent, alcohol). 

7* can be prepared when wanted by putting 1 drop strong acid in 

a watch-glass of 70 per cent, alcohol. 7t requires great care 

in use. See p. 365. 

(8) Nitric acid (strong). 

(9) Acetic acid (glacial). 
(9*) Acetic acid (1 per cent.). 

(10) Chromic acid (concentrated). 

(10*) Chromic acid (25 per cent.). Other percentages can be made from 
this as required. 
Alkal'es. 

(11) Ammonia (strong). 

(12) Potash (concentrated). 
(13*) Potash (5 or 6 per cent.). 
(12t) Potash in alcohol. 

400 
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Inorganic Salts. 

(13) Acetate of copper (crystals). Used in Barfoed's sugar reaction. 
(13*) Sulpliate of copper (crystals). Used in Fehling*s sugar reaction. 

(14) Perchloride of iron, 

(15) Ferrous sulphate (crystals). 

(16) Bichromaifi of potash (10 per cent, watery solution). 

(17) Chlorate of potash (crystals). 

(18) PotassiO'Sodic tartrate, 
(18*) Caustic soda. 

Organic bodies. 

(19) Alcohol (absolute, or 90 per cent). 
. (20) Methylated alcohol, 

(21) Ether. 

(22) Alcanna (Alkanet) root, or tincture. 

(23) Aniline chloride (in alcohol). 

(24) Camphor, 

(25) Carbolic acid (phenol). 

(26) Diphenylamin, 

(27) Gelatine, 

(28) Phloroglucin, or Chernf-wood extract, 

(29) Cane sugar, 

(30) Turpentine, 

Preserving Fluids. — The best is methylated alcohol, of which a good supply 
should be kept. The material to be preserved for future work should be 
completely covered. For work in nucleus or protoplasm, absolute alcohol 
must be used. 

Softening. — ^Alcohol material, especially if old, is often brittle, and stems, 
etc., are hard. Soften for 24 hours in — 

(31) Half-and-half glycerine and meth. alcohol. 

Hardening. — Soft tissues can be hardened for cutting by 8 days in methylated 

spirit. 
Fixing the Cell-contents. — For studies in nuclei or protoplasm it is necessary 
to fix the cell-contents of the material, while quite fresh, without allowing 
them to contract. The material must be in very small pieces, so as to be 
rapidly permeable, and the fluid, except in the case of osmic acid, must be 
100 times the bulk of the material. The best fixing fluids are : — 

(19) Absolute (or at least 90 per cent.) alcohol. 

(82) Chromic acid, 0*5 per cent. 

(32*) Chromic acid, 10 per cent., or chrom-acetic acid, 1*0 per cent. 

(33) Osmic acid, 1*0 per cent. 

(34) Picric acid (saturated watery). 

In chromic acid, chrom-acetic acid, or picric acid of the above strengths 
the material can lie for 24 hours ; then be laid in distilled water for any 
time up to 24 hours. If not required for use at once, instead of this, first 
wash in 50 per cent, alcohol, then transfer to 70 per cent., and finally to 
absolute alcohol, or strong methylated spirit, changing this after 24 hours 
if it is then discoloured. In this they can be kept for use. 

Most algfls are best fixed in picric acid, etc., mixed with an equal volume 

D D 


402 APPENDIX IT, 

of alcohol, for the same reason that alcohol potash is often preferable to 
wateiy potash solution, viz., to avoid undue swelling of the walls. 
Section-cutting. — ^Various hints on this subject will b^ found scattered in the 
text ; especially see pp. 16 and 52. For other references see ** Sections '* in 
the General Index. Where the material to be cut is alcohol- material, keep 
the razor and surface wet with alcohol ; otherwise use water or glycerine. 
The razors are best hollow-ground ; but for cutting wood use a razor only 
slightly hollowed. Keep the razors sharp. 

Thin objects which have to be cut can be placed in glycerine-gum, be- 
tween pieces of elder-pith or smooth cork ; or even, if moderately hard, 
between pieces of soft wood, such as poplar or lime-wood. 

Very small objects may be embedded, either in celloidin or glycerine- 
gum (see these headings in Index). For very minute objects, such as 
pollen-grains, gum alone, or with a very small proportion of glycerine, can 
be used. A layer of strong gum is placed on the end of a piece of elder- 
pith, and when set nearly firm the pollen-grains dropped on it, and then 
another drop of gum placed on the top. 

For cutting with a microtome, see p. 63. 

Sections when cut may be lifted from the razor with a camel-hair brush. 
If laid on flatly, they will not curl. With such a brush a section can like- 
wise be turned over. See p. 17. 
Cleabino. — The cell-contents are often opaque; and when it is desired especially 
to see the cell-walls, as, e.g. in growing-points, the preparation must be 
cleared. Clearing reagents act by dissolving, or at least swelHng, the cell- 
contents. The best of these are — 

(25) Carbolic acid. 

(12) Potash (5 or 6 p.c. watery). 

(12t) Potash, Alcoholic. 

(11) Ammonia. 

(35) Chloral hydrate. 

(36) Eau de Javelle. 

After treatment with chloral hydrate, watery potash, or ammonia, wash 
in water ; after alcohol potash, in alcohol, and then mount in glycerine. 
Eau de Javelle is specially used for alcohol material. For method, see 
p. 172. After treatment, place in dilute alcoholic glycerine, and allow this 
slowly to concentrate. 

Sections of alcohol-material which have been stained and are to be 
mounted in Canada balsam or dammar, must be cleared in another way. 
First place them for a minute or two in alcohol of the strength of that used 
for staining, and then into absolute alcohol for another like period. 
Thence transfer to — 

(37) Oil of cloves, 

(38) Oil of marjoram, or 

(39) Turpentine and creosote (4 : 1). 

Sections stained with aniline dyes should be treated as above, but 
cleared in — 

(40) Oil of cedar, 

STiiNiNQ.— This may be done in a watch-glass, or, better still, in small white 
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e&rthenware sancers, such fts are sold with cheap paint-boxes, could these 
be obtained of larger size, say 1} or 3 in. in diameter.. As a rule, the 
best staining is obtained by dilute solutions, and long treatment. The 
section to be stained must be immersed in the staining fluid, and examined 
from time to time to judge progress. 

The object of staining is to show up (differentiate) diversities of struc- 
ture, either of the plant skeleton or of the cell-contents, each stain 
particularizing some special feature. 

For a limited list, selected from those in Appendix III., the best are :-^ 

(41) HqffmanfCa Hue, 

(42) Acetic aniline-green. 

(43) CoraUin. 

(44) Fuchsin (Mi^genta) in 50 per cent, alcohol. 

(45) Acetic gentiana-violet. 

(46) Methyl-violet in alcohoL 

(46'') Methyl'VioUt in sulphuric acid* 

(47) Safranin in aZeohol, 

(These are all aniline dyes, stain rapidly, and the preparations lade if 
kept in the light.) 

(48) Thiersch's borax-carmine^ 
(48*) Beale's carmine* 

(49) Bdhm^r'*s or Grenacher's logwood (best old). 

In many cases two stains can be used concurrently ; suoh are :^ 

(50) Fuchsin iodine-green. 

(51) Picnc aniline-blue. 

(52) Picric nigrosine. 

(53) liosaniline violet. 

MoU-nTINg. — Preparations can be mounted in 

Glycerine. 

Glycerine-jelly. 

Hoyer's mounting fluid (for aniline preparations). 

Mounting fluid (for logwood and carmine preparations). 

Acetate of potash. 

Canada balsam in turpentine. 

Dammar. 

No preparations containing water or glycerine can be mounted in Canada 
balsam or dammar. Watery preparations must be first dehydrated in 
alcohol ; glycerine preparations first soaked for some time in water, and 
then in alcohol. 

For mounting in glycerine-jelly or Hoyer*s fluid, water or alcohol must 
previously be removed by laying for some time in glycerine. See also 
p. 206. 

Preparations in acetate of potash retain their chlorophyll. 

Closing. — Preparations mounted in glycerine-jelly, Hoyer^s fluid, Canada 
balsam, or dammar do not need further closing. In all these cases it is 
however, desirable to put one or two thin layers of — 

Gold-site with a fine brush, over the junction of cover-glass and object* 
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glass. This most not be done till the mounting fluid has set firm ; and 
one layer of gold-size should be dry before another is added. 

Preparations in glycerine should be hermetioally sealed with Canada 
balsam in turpentine, laid round the cover-glass thinly with a thin glass, 
rod, and) when dry, topped with gold-size. See p. 92. 

Preparations in aoetate of potash should be closed with gold-size. 
Labelling.— Paper labels may be stuck on the object-slides with pure gum ; 
Card labels, on the other hand, with gUui cement^ such as Crystal Palace 
cement, coaguline, etc. 


The following is a still more restricted list, answering nearly all practical 

purposes : — 

MicBO-CHEMiCAL Bkaoents. — lodiuo in chloral hydrate, Potassium-iodide iodine, 
Chlorzinc iodine. Sulphuric acid (cone), Hydrochloric acid (cone). Nitric 
acid (strong). Acetic acid (1 p.c), Chromic acid (25 p.c). Ammonia (strong). 
Potash in alcohol, Potash (conc.)» Sulphate of copper (crystals), Perchloride 
of iron. Bichromate of potash (10 p.c). Chlorate of potash (crystals), 
Potassio-sodic tartrate, Caustio soda. Ether, Alcanna tincture. Carbolic 
acid. 

Fbxsebyino Fluid. — Methylated alcohol. 

FiziNO AND Habdenino Fluids. — Absolute alcohol. Picric acid (in 50 p.c, meth. 
spirit). 

Clisabino Fluids. — (Carbolic acid. Potash in alcohol. Ammonia,) Eau de Javelle, 
OU of Cloves. 

Stains. — Hoffmann's blue, Corallin, Acetic gentiana-violet, Thiersch's borax- 
carmine. Logwood, Picric aniline-blue. 

Mounting Media. — Glycerine, Glycerine-jelly, Acetate of potash, Canada balsam, 
Gold-size, Gum. 
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Abbe*8 illnminating apparatus, see 

niuminating apparatus. 
Absciss layer, 77, 157. 
Acacia, Pollen of, 320. 
Accessory cells (to stomata), 66. 
Acer, Autumnal coloration of, 43. 
Acetic acid. Use of, 26, 27, 46, 77, 172, 

176. 
„ 1 per cent., 360. 
„ 2 per cent., 333. 
„ 38 per cent., 49. 
„ and Gentiana violet, see Gentiana 

violet. 
„ and Methyl-green, see Methyl- 
green. 
Achene, 343. 
Aconitum Napellus, Structure of ovule, 

327 (Fig. 107). 
Acorus Calamus, Structure of root, 138 

(Fig. 64). 
Adonis flammeus. Colour bodies of 

flower, 42. 
Mcidium Berheridis^ Structure of 

hymeniam, 263 ; spermogones, 

262 (Fig. 90'). 
^cidium-cups, 263 (Fig. 90*). 
iEsculin, 168. 
^scvlus Hippocastanum, Fall of leaves, 

167 ; glandular hairs of, 81 

(Fig. 38). 
Agapanthus umbellattts, Development 

of pollen in, 316. 
Agar- Agar, Use of, 241. 
Agaricus campestris, Structure of, 200 

(Fig. 74); pits, 201; basidio- 

spores, 268 (Fig. 91*). 
Agave^ Epidermis and stomata, 67. 
Ailanthus glandulosa, Leaf-fall in, 

169. 


Air, Removal from tissues, 41, 46, 70, 

333, 343. 
Air-bubbles, To recognise under the 

microscope, 8 ; to remove, 20. 
Air-chambers, of leaf, 163; of Mar- 

chantia^ 196. 
Air-passages, of stem, 171. 
Air-pores of Marchantia, 196 (Fig. 72). 
Air-pump, Use of, 41, 46, 70, 333,343. 
Albumen, see Endosperm. 
Albumen crystals, of Bertholletia, 26 ; 
of Cladophora, 204 ; of Ricintis, 
25 (Fig. 14). 
Albuminous bodies, Beaotions for, 19, 

46. 
Alcanna tincture. Use of, 26, 119. 
Alcohol, Absolute, Use of. 26, 36, 166, 
234, 236, 236, 302, 307, 318, 329, 
366. 
„ 60 per cent., 119,370. 
„ 60 per cent., 234. 
„ 70 per cent., 365. 
„ 82 per cent., Use of, 329. 
„ (Methylated), 39, 46, 66, 78, 82, 
83, 93, 105, 114, 118, 309, 340, 
343. 
„ Picric, Use of, 204, 208. 
Alcoholic fermentation, 215. 
Alder, see Alnus glutinosa, 
Aleurone, Beactions of, 18. 
Aleurone grains of BerthoUetia excelsa, 
26 ; Capsella Bursa-pastorU, 
339 (Fig. Ill) ; Lupinus alius, 
24 ; Pisum sativum, 18 (Fig. 10) ; 
Ilicinus communis, 26 (Fig. 14). 
Alg£e, as constituents of Lichens, 202. 
„ Colonial, 219. 

„ Fresh- water. Cultivation of, 208. 
„ Beprod]}ction of, 246. 
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Aliama Plantago^ Stmetare of frnit, 
843 ; of embyro, 346 (Fig. 112) ; 
of seed, 343. 

Alkanna tincture, Use of, 26, 119. 

Allium Cepa, Structure of root, 136 
(Fig. 63). 

Alnu8j Twigs of. Tannin in, 63. 

Alo9 nigricans, epidermis and stomata, 
68 (Fig. 29) ; structure of leayes, 
67. 

AUtrcsmeria, cell and nuclear division, 
360. 

Alternation of generations, 264. 

Althcea rosea, pollen grains, 319. 

Alum, Watery solution, Use of, 
205. 

Alum-carmine, Use of, 92. 

Amanita, 266. 

Ammonia, Use of, 206, 365. 

Ampelopsis hederacea. Autumn colora- 
tion of, 43. 

Amylum bodies, see Pyrenoids. 

Anabana Azollce, 216 (Fig. 80). 

Anagallii, Pistil of, 326. 

Anaphases of nuclear division, 363. 

Anaptychia ciliaris, apothecia, 270; 
spermogones, 271 (Fig. 93); 
thallus, 202. 

Anatropous ovule, 328 (Figs. 106-111). 

Andrcecium of Angiosperms, 311; of 
Gymnosperms, 298. 

Aneimia fraxinifolia, structure of 
epidermis, 69 (Fig. 30). 

Angiosperms, definition of, 298; an- 
drcecium, 311 ; fruit, 347 ; gynsB- 
eium, 322 ; seed, 338. 

Aniline blue, Use of, 120, 130, 133, 
161, 370. See also Methyl-blue. 
„ with picric acid, see Picric aniline 
blue. 

Aniline green, 0*001 per cent.. Use 
of, 19, 235. See also Methyl- 
green. 

Aniline oil, see Phenylamine. 

Aniline sulphate. Use of, 59. 

Annular vessels, 86. 

Annulus, 283, 289. 

Anther, 311 ; structure and develop- 
ment in Hemerocallis fulva, 
313 (Fig. 103); Lilium, 316; 
Tradescantia virginica^ 316. 


Antheridium of Funaria hygrometriea, 

279 (Fig. 96a); Marcliantia 
polymorpha, 274 (Fig. 94); 
Mjiium hornum, 277; Perono- 
sporeffi, 269; Polypodium vul- 
gare, 291 (Fig. 97) ; Polytriehum 
Juniperinum, 279 ; Vaucheria 
sessilU, 262 (Fig. 88). 

Antherozoids, see Spermatozoids. 
Anticlinal cell-walls, 173. 
Antipodal cells, see Embryo-sao. 
Antirrhinum vtajus, coloured cell-sap 

of x>etals, 41. 
Apex, see Growing apex. 
Apical cell of Equisetum arvense, 176 

(Fig. 66 and 66*); Metzgeria, 

198 (Fig. 73); Pteris cretiea, 

188 (Fig. 71). 
Apical meristem, 171 et seq, (Fig. 64, 

66). 
Apical sinus in Marchantia, 194; 

Metzgeria, 198. 
Apocarpous, 323, 843. 
Apophysis, 282. 
Apothecia, 270. 
Apple, see Pyrus Malus, 
Archegonium of Fmiaria kygrometriea, 

280 (Fig. 96 B, c) ; MarehanVa 
polyn^pha, 276 (Fig. 95); 
Mnium' homum, 280; Picea 
vulgaris, 308 (Fig. 102) ; Poly- 
podium vulgare, 293 (Fig. 98). 

Aril, 304, 346. 

Aristoloehia Sipho, structure of stem, 

104 (Fig. 46). 
Arrowroot, East Indian, 11 (Fig. 5); 

West Indian, 11. 
Asci, 261, 269 (Fig. 92), 270. 
Ascomycetes, 261, 269 (Fig. 92). 
Ascospores, see Spores. 
Ash, see Fraxinus excelsior, 
Aspidium Filix-mas, sporangia, 289. 
Assimilating cells, 167. 
Auricula, see Primula. 
Autcecious parasites, 264. 
Autumn tints, 43. 
Avejia sativa, Puccinia on, 266; starch 

grains, 12 (Fig. 7); vascular 

bundles, 93. 
Azalea, Pollen of, 320. 
Azolla, 216. 
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Baeillariace®, 210. 

Bacilhu subtilis, 236 (Fig. 85). 

Bacillus tuberculosUy 234 ; pennanent 
preparations, 234; staining, 234. 

Bacteria, (Figs. 84,85)221; oell-contents, 
231 ; cilia, 223; coccoB-f orm, 222 ; 
culture, 236 (tee alao Culture- 
methods); developmental forms, 
233; division of, 238; germi- 
nation, 239 ; m7Coprotein,222 ; 
nomenclature, 233 ; power of 
resisting high temperatures, 
237; spore formation, 223, 
239 ; surface film (pellicle), 221, 
238, 240; swarming, 223,240; 
zoogloea stage, 222. 
, , Investigation in interior of tissues, 
235; material, to obtain, 221, 
231. 
„ of hay, see Baeillus sttbtilis ; 
of small-pox (Vaccine) lymph, 
see Micrococcus vticcina ; of 
teeth, see Leptothrix buccalis ; 
of tuberculosis, see Bacillus 
tuberculosis, 
„ Permanent preparations, 230. 
„ Staining, 222, 229, 234, 235; 
double-staining, 235. 

Baker's microscopes, zv. 

Barberry, see Berheris vtdgaris. 

Barfoed's sugar-reaction, 49. 

Bark, Structure of, 156. 

Barley, see Hordeum vtUgare, 

Basidia, JEcidium, 263 (Fig. 90*); 
Penicillium, 260 (Fig. 90); 
Bussula, 267 (Fig. 91). 

Basidiospores, see Spores. 

Bast, structure in Zea Mais^ 86. See 
also Vascular bundles. 
„ Secondary, in Anstalochia^ 109. 

Bast-sheath, of Pteris, 147 (Fig. 
67). 

Beale*8 Carmine, see Carmine. 

Bean flour. Starch of, 10 (Fig. 4). 

Beck's microscopes, ziv. 

Beech, see Fagus sylvatiea. 

Beet-root, see Beta vulgaris, 

Beggiatoa alba, 232. 

Begonia, CoUenchyma in petiole, 104 
(Fig. 45»'). 

Bell- jars (Receivers), zziii. 


Berberis vulgaris, Puocinia on, 262 

(Fig. 89*). 
Bertholletia excelsa, albumen crystals 

(crystalloids), 26. 
Beta vulgaris, structure of root, 45 ; 

sugar in the root, 49. 
Bezu, Hausser Se Co.'b microscopes, 

zvi. 
Bilateral, see Dorsi-ventral. 
Bismarck brown, Use of^ 229. 
Blood-serum, Use of, 241. 
Bog-mosses, see Sphagnum* 
Boraz-carmine, Use of, 18, 93. 
„ Grenacher's, 205. 
„ Thiersch's, 205. 
Bordered pits, 55 (Fig. 26), dl, 110. 

See aUoPiis, Closing Membrane, 

Torus. 
„ Development, 117 (Fig. 47). 
Botrychium, Cork in, 192. 
Bracken fern, see Pteris aquilina, 
Brazil nut, see Bertholletia excelsa. 
Brownian movement, 13, 42, 44. 
Buckthorn, see Rhamnus Frangula. 
Bulbils, see Qemmaa. 
Bundle-sheath in AUium, 136 (Fig. 53) ; 

Acorus, 139 (Fig. 54); Ins, 139 

(Fig. 56) ; Taxus, 141 (Fig. 56). 

See also Endodermis. 
Butomu^ umbellatus^ ovary, 324. 

Cabinets for microscope slides, zziii. 

Calcium carbonate, see Lime, Car- 
bonate of. 
„ ozalate, see Lime, Ozalate of. 
„ phosphate, see Lime, Phosphate 

of. 
„ sulphate, see Lime, Sulphate of. 

Calluna vulgaris, pollen, 320. 

Callus, see Sieve-tubes. 

Calyptra, 282 (Fig. 95 c, n). 

Calyptrogen, 185 et seq. (Fig. 69). 

Cambium, 97 (Fig. 44), 101; interfasci- 
cular, 106. See also Thickness, 
Licrease of ; Vascular bundles, 
etc. (Figs. 44, 45, 46, 47, 50 *♦). 

Camera lucida of Abbe, 80 (Fig. 16) ; 
Zeiss, 31 (Fig. 2); Wollaston, 
83 ; Beale, 33. See also Drawing. 

Camphor, Use of, 308. 

Campylotropous ovule, 842. 
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Canada Balsam, Use of, 92, 230, 866. 
„ in benzole, Use of, 92. 
„ in chlorofonn, Use of, 92, 230, 

366. 
„ in turpentine, Use of, 92, 230, 

234, 365. 
„ in xylol. Use of, 236. 
Canal, carinal, 180 ; vallecular, 180. 
Canal-cell, of Marchantia, 275 (Fig. 
95) ; of Polypodium, 294 (Fig. 


„ Ventral, of Marehantia, 276. 

Capillary apparatus of Sphagnum, 193. 

Capsella Bursa-pastoris, Structure 
and development of eml|jvo and 
seed, 338 (Fig. Ill) ; J|^ture 
of testa, 339 (Fig. Ill)/ 

Capsule of Moss, 280 (Fig. 96 c, d, e). 

Carbolic acid, Use of, 809, 819, 820, 
343. 

Carbon bisulphide. Use of, 232. 

Carmine, Alum, Use of, 92. 
„ Ammonio-acetic, Use of, 92, 103. 
„ Beale's, Use of, 205. 
„ Borax, see Borax-carmine. 
„ Picric, see Picric-carmine. 

Carpellary leaf, 306, 323. 

Carrot, $ee Daucm Carota. 

Caulicle, 310. 

Cauline bundles, 171. 

Cedar, Oil of. Use of, 230. 

Celandine, see Chelidonium nCajus. 

Cell- division, 856; in Cladophora 
glomerata, 368; anthers of 
Fritillaria persica, 860; of 
HelUhorus fatidus, 867; of 
Tradescantia virginiea, 356. 

Cell-division, anticliniJ walls,. 173; 
periolinal, 173; oblique, 191; 
rectangular, 173. 

Celloidin (Collodion), Use of, 329. 

Cell-plate, 369 (Fig. 114^). 

Cells, Multinuclear, see Nucleus. 

Cell-sap, 29; blue, 42; purple, 41; 
red, 40, 41, 42, 43, 65 ; violet, 
74 ; yeUow, 41. 

Cellulose, Beactions of, 47. . 
„ Fungal-cellulose, Beactions of, 

202, 263. 
„ Starch-cellulose, Beactions of, 
270. 


Cell-wall, Structure of in endosperm 
of Date, 64 ; seed of OmithO' 
galum unibellatum, 6S; in Pin- 
ntUaria viridis, 213; Pinus 
sylvestriSj 57. 
„ Middle-lamella, 64,58, 140, 156; 
lamination, 68; striation, 50, 
53. 
„ Thickening, 47 ; pits, 64. 
, , Cuticularized and suberized, struc- 
ture, 153 ; reactions, 58, 65, 68. 
„ Lignified, reactions of, 69, 119. 

Cement (Glass), 24. 

Central cell, of MarcHantia, 275; 
Mnium, 280 ; Polypodium, 294. 

Ceratopteris thalictroides, germination 
of spores, 290. 

Ceric acid, Beactions for, 166. 

Chalaza, 328 (Fig. 107). 

Chamber, Moist, see Moist chamber. 

Cliara, Protoplasmic movement in, 37. 

Cheiranthus Cheiri, hairs, 72 (Fig. 32). 

Chelidonium majusj Vascular bundle 
of, 101 ; latex vessels of, 102. 

Cherry, Structure of fruit, 348. 

Cherry-wood, Extract of, Use of, 59. 

Chloral hydrate. Use of, 39, 319, 320. 

Chlorococcus humicolum = Cystococcus 
humicola. 

Chloroform, Use of, 26. 

Chlorophyllan reaction, 204. 

Chlorophyll-bands, 208. 

Chlorophyll-bodies, 35 ; in Funaria 
hygrometricaj 38 (Fig. 17); 
division of, 38; function of, 
167 ; starch in, 89 (Fig. 17). 

Chlorophyll-corpuscles, see Chloro- 
phyll-bodies. 

Chlorophyll-grains, see Chlorophyll- 
bodies. 

Chlorophyll-vesicles (Amylum bodies), 
see Pyrenoids. 

Chloroplasts, see Chlorophyll-bodies. 

Cblorzinc Iodine, Use of, 46, 48, 60, 
53, 54, 55, 57, 58, 68, 84. 87, 
110, 119, 122, 124, 156, 202, 
237. 

Chrom- acetic acid, 1 per cent., Use of, 
205. 

Chromatophores, see Colour-bodies, 
Chlorophyll-bodies» 
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Chromic acid, Use of, 70, 213. 
„ 0*6 per cent., Use of, 235. 
„ 1-0 per cent., Use of, 37, 204. 
„ 20 per cent., Use of, 218. 
,, 26 per cent., Use of, 318. 
„ Concentrated, Use of, 69, 155, 213. 

Chromoplasts « Chromatophores. 

ChrodcoccacesB, 218. 

CiUa, 218, 223, 240, 250, 251, 254, 
293 (Figs. 86, 87, 89, 94, 95 a, 
97). / 
„ of Lichens, 202. 
„ of Mosses, 283 (Fig. 95 b). 

Citrus vtUgaria {C. Aurantium), ad- 
ventitious embryos, 364; de- 
velopment of frnit, 852 ; struc- 
ture of fruit, 350. 

Cladophora glomerata, 203 (Fig. 76) ; 
cell-division in, 368 ; chromato- 
phores, 203; nucleus, 204; 
pyrenoids, 203; swarm-spores, 
248 (Fig. 86). 

Gladophorese, 203. 

Clearing sections, 172. 

Cleistocarpous, 261. 

Clips on microscope stage, 3. 

Closing membrane, see Pits. 

Clostridium hutyricum, 223. 

Cloves, Oil of, Use of, 235, 865. 

Club- mosses, see Lycopodium. 

Cluster-cup, see Mcidium, 

Collateral vascular bundles, 86, 180. 

Collecting cells, 167. 

Collemacese, 271. 

CoUenchyma, 104 (Fig, 45'*), 152, 
164, 165. 

CoUeters (glandular hairs), 78. 

Collins* microscopes, xv. 

Colonial algaB, 219. 

Colour-bodies, in flower of Adonis 
flammeust 42; of Delphinium, 
42 ; of Pansy, 74 ; of Tropceolum 
majus, 40 (Fig. 18). 
„ in root of Daucus Carota, 43 
(Fig. 20). 

Columella, of Mueor, 265 ; Mnium, 
283 (Fig. 96 d) ; in the cells of 
the testa of seeds, 340 (Fig. 111). 

Companion-cells, 146. See also Sieve- 
tubes. 

Condenser, <e« Illuminating apparatus. 


Conducting tissue, 167, 168, 190. 
Cone of Gymnosperms, 304; mor- 
phology of, in Ptnv«, 305. 
Conidia, 216. See also Gonidia. 
Conidiophore of Mucor, 255. 
Conifers, 298, 306. 
Conjugate, 247. 
Conjugation in Spirogyra, 246; in 

Cladophora^ 250. 
Connective, 311. 
Copper, acetate. Use of, 49. 
„ ammon-oxide. Use of, 53. 
„ sulphate, Use of, 48. 
Gorallin (in 30 per cent, carbonate of 
[a solution). Use of, 89, 95, 
>99, 100, 105, 119, 124, 151. 
Gordyline rubra, see Draaena rubra, 
Cork (bottle) for cutting sections, 62, 

243, 246. 
Cork-cambium, 153. 
Cork, Structure and development of, 

in Cytisus Laburnum^ 166 ; in 

Dracana, 98 (Fig. 44) ; Quercus 

Suher, 156 ; Ribes rubrum, 166 ; 

Bosa, 76 ; Sambucus nigra, 162 

(Fig. 69). 
„ in Cryptogamia, 192. 
„ Beactions of, 166 ; staining of, 

163; structure of cell- walls, 

153. 
Corpuscnla, Homology with Arche- 

gonia, 308. 
Cortex, 104, 174 ; Secondary, 109. 
Cotyledons, 309, 310 (Fig. 103), 338 

(Fig. Ill), 342 (Fig. 112). 
Cover-glasses, xxii. 
Cowslip, see Primula, 
Crouch's microscopes, xv. 
Crown Imperial, see Fritillaria tm- 

perialis. 
Cryptogams, Vascular, Reproduction 

of, 287. 
Crystalloids, see Albumen ci*ystals. 
Crystal Palace cement, Use of, 24. 
Crystals, 46, 61, 77, 96 (Fig. 43), 98, 

117, 166, 201. 
Cueurbita Pepo, Vascular bundles of, 

130 (Fig. 52); movement of 

protoplasm in hairs of young 

shoots, 35; pollen grains of, 

320. 
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Culture methods for Bacteria, 236, 
240 ; in Agar- Agar, 241 ; blood- 
serum, 242 ; gelatine, 241. 

Culture methods for Bacteria, Appar- 
atus for, 243, 244; culture 
chamber, 243; dilution, 241; 
fractional, 241 ; from hay, 236 ; 
from lettuce, 221; moist- 
chamber, ^38; on object-slide, 
243; sterilization of culture 
fluids, 240. 

Culture methods for Fern spores, 290, 
296. 
„ for fresh- water algsB, 208. 
„ for J^cor in plum juice, 256. 

><, jjf ovfofen jrainst 320. 

Cuprdzicre amawia, sse Copper, Am- 
mon-oxide. 

Cupules of Marchantia, 272 (Fig. 93*b). 

Curcuma leucorrhiza, Starch grains of, 
11 (Fig. 6). 

Cushion of Fern prothallus, 291. 

Cuticle, Beactions, 65, 68. See also 
Cutin. 

Cutin, Beactions, 58. See also Cuticle. 

Cystidia of Russula, 268 (Fig. 91). 

dystococcus humicola, 202. 

Cytlsus Laburnum, structure and 
development of Cork, 155. 

Dahlia variabilis, structure of tuber, 
60 (Fig. 23); InuUne in, 51 
(Fig, 24). 

Dammar (Gum), Use of, 365. 

Darton & Co.'s microscopes, zv. 

Date, see Phoenix dactylifera. 

Daucus Carota, Colour-bodies in root, 
43 (Fig. 20). 

Decussate (leaves), 174. 

Dehiscence of pistil, 323, 327. 

Delphinium Ajaeis, ovary, 322 (Fig. 
106). 

Delphinium consolida, Pistil of, 322 ; 
coloured cell- sap, and colour- 
crystals in flower, 42, 44. 

Dermatogen, 173 (Fig. 64), 183 et seq. 
(Fig. 69). 

Diamond-fuchsin iodine-green, see 
Fuchsin iodine-green. 

Diaphragm, 1 ; Use of, 2 ; Iris, 227. 
„ in stem of Hippuris vulgaris, 171. 


Diarch (vascular bundles of roots), 141, 

188. 
DiatomaceaB, 210 (Fig. 77). 
Diatoms, To prepare skeletons of, 213. 
Dicotyledons, Vascular bundles of, 100 

et teq, 
„ Boot of, 140. 
Dictamnus Fraxinella, Development of 

oil-glands in, 163 (Fig. 62 •). 
Digestive glands of Drosera, Id (Figs. 

37, 37*). 
Dimorphism, 325. 
Diphenylamlne, Use of, 49. 
Dissecting microscope, xx., 24 (Figs. 

12, 13). 
I^issection under microscope, 23. 
Dittany, see Dictamnus Fraxinella, 
Dotsi-ve^trality of ^archantia, 194 ; 

of Lichens, 202 ; of Selagindla, 

296. 
Dracana rubra, Structure of stem, 96 

(Fig. 44). 
Drawing desk, 31. , 

Drawing prism. Use of, 80; Abbe's, 

xxi., 30 (Fig. 16); with two 

prisms, xxi., 31 (Fig. 2). 
Drosera rotundifolia, digestive glands 

of, 79 (Figs. 37, 37 '). 
Drupe, Structure of in Prunus, 348. 
Drying frame, xxiii. (Fig. 1). 
Dust, Bemoval from preparations, 20. 

Eau de Javelle, Use of, 172, 177, 184. 
Echeveria, Wax upon, 81. 
Ectoplasm, 37. 

Egg-apparatus, see Embryo-sac. 
Egg, White of, Use of, 308. . 
Elaters, 277. 

Elder, see Sambucus nigra. 
Elder-pith, xxiii.; Use of, 63, 170, 202, 

250, 257, 262, 287. 
„ To obtain, 63. 
Eleagnus angustifolia. Scales upon 

leaf, 76. 
Electric light, Use of, 229. 
Embedding for section cutting, see 

Sections. 
Embryo, Structure and development in 

Alisma Plantago, 342 ; CapseUa 

Bursa-pastoris, 338 (Fig. Ill); 

Picea vulgaris, 309 (Fig. 103). 
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Embryo, Adventitious, in Citrus, 854. 
„ Cotyledons, 338 ; hypoootyl, 339 ; 
plumule, 339 ; radicle, 339. 

Embiyonie vesicle, see Embryo-sac, 
Oosphere. 

Embryo-nucleus, 332. 

Embryo-sac, Structure and develop- 
ment in Capsella Bursa-pastoriSf 
341; Gloxinia, 334; Monotropa 
Hypopitys, 830 (Fig. 108); 
. Orchideae, 338 (Fig. 109); Picca 
vulgaris, 308 (Fig. 102) ; Pyrola, 
330, Taxus baccata, 304; Torenia 
Asiatica, 334 (Fig. 110). 
„ Antipodal cells, 328, 332; Egg- 
apparatus, 331 ; filiform appara- 
tus, 336; oosphere (germiual 
vesicle, embryonic vesicle), 828 ; 
synergidse, 304. 
„ Homology with macrospore, 804. 

Enclosing (or mounting) fluid, Hoyer*s, 
206. See Glycerine, Glycerine- 
jelly, Canada balsam, Dammar, 
Acetate of potash. 

Endocarp, 344. 

Endochrome plates, of Pinnularia viri' 
dis, 212. 

Endodermis, Structure in root of 
Acorw Calamus, 139 (Fig. 54) ; 
Allium Cepa, 136 (Fig. 53); 
Iris Jlorentina, 139 (Fig.' 55); 
Pteris, 147 (Fig. 57); Taxus, 
. 141 (Fig. 52). See also pp 818. 
et seq,, and Bundle Sheath. 
„ Outer, 138. 

Endoplasm, 54. 

Endosperm, 306, 308, 309. Develop, 
meht in Monotropa Hypopitys, 
332 (Fig. 108). 
„ Homology with Prothallus, 306. 

Epicarp, 344. 

Epidermis, Structure in Alo^ nigricans, 
67 (Fig. 29) ; Iris Jlorentina, 61 
(Fig. 27) ; Ruta graveolens, 160 
(Fig. 61) ; Tradescantia, 65 (Fig. 
28). 
„ Function of, 64, 168. 

Epidermoid layer, 138. 

Epilohium, Pollen grains of, 319.. 

Epipactis palustHs, Pistil of, 826. 

Epiplasm, of Morchella, 209. 


Equisetum arvense, apical cell, 176 

(Fig. 66 and 66*); structure 

of stem, 180; vascular bundles, 

180 (Fig. 68). 
Erecting eyepiece, zx., 23. 
Erica, Pollen of, 820. 
Eschscholtzia, morphological value of 

flowers, 327. 
Etserio, 343. 
Ether, Use of, 155, 829. 
Eucalyptus globulus. Wax layer, 81. 
Ewmymus japonicus, development of 

apex, 174 (Fig. 65). 
Euphorbia helioscopia, starch grains, 

12 (Fig. 8) ; latex, 12. 
Euphorbia splendens, starch grains, 

18 (Fig. 9) ; latex, 18. 
Everlasting pea, see Lathyrus, 
Extine, 304, 312. 
Eyepiece, Erecting, xx., 23. 

Fagus sylvatica, structure of leaveB, 
164 (Fig. 68). 

Fall of leaves, 157. 

Fehling's solution, Preparation of, 48 ; 
Use of, 48. 

Fermentation, Alcoholic, 215. 

Fern, Hart's tongue, see Scolopendrium 
vulgar e. 
„ Male, see Aspidium Filix-mas. 
„ Polypody, see Polypodium vulgare, 
„ See also Aneimia fraxinifolia, 

Fems,Reproduction,287; structure, 145, 

Fertilization, Conifers, 806; Ferns, 
295; Marchantia, 276; Mosses* 
280 ; Monotropa, 332 ; Torenia, 
834 (Fig. 110). 
„ Terminology of, 253. 

Fibres, 129 (Fig. 51). 

Fibrous layer (of anther), 314 (Fig. 
104). See Mesothecium. 

Fibro-vascular (fibro-vasal) bundles, 
or strings, see Vascular bundles. 

FUament, 311, 815. 

Filiform apparatus, 836 (Fig. 110). 

Fir, Scotch, see Pinus sylvestris. 

Fixing cell-contents, 204 ; with abso- 
lute alcohol, 864 ; chrom -acetic 
acid, 205 ; chromic acid, 204 ; 
picric acid, 205. See also Nu^ 
cleus. Nuclear division. 
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Flag, Sweet, tee Aconu Calamus. 

Float, Undulating, 293. 

Flower of Pinue sylvestrU, 298 (Figs 
99, 101); Taxut baccata, 301 
(Fig. 100). 

Fontinalis antipyreticat Peristome, 285 
. (Fig. 96 E). 

Formio gentiana-violet, see Gentiana- 
violet. 

Formio methyl-green, w« Methyl-green. 

Fraxinus excelsior^ Leaf-fall, 159. 

Fritillaria imperialism Pollen of, 318. 

Fntillaria persica. Cell and nuclear 
diyision, 360 (Fig. 114). 

Frog-bit, see Hydrocharis, 

Fruit, Development in Citrus vulgaris^ 

(C, Aurantium)t 352. 

, , Structure in Alisma Plantago^ 343 ; 

Citrus vulgaris, 362 ; Prunus do- 

m£stica, 347 ; Pyrus Malus, 348. 

FruBtule, 210 (Fig. 77). 

Fuchsia, Pollen grains of, 319. 

Fuohsin (Magenta), Use of, 229 ; pre- 
paration, 235. 

Fuchsin iodine-green, 366. 

Funaria hygrometrica, Antheridia, 279 
(Fig. 95 ▲); Archegonia, 280 
(Fig. 95 B, c) ; Chlorophyll-bodies 
of, 38 (Fig. 17); protonema, 
191 (Fig. 71*); sporogone, 285 
(Fig. 94 D). 

Fundamental tissue (Ground tissue), 
83. 

Fungi, Vegetative structure of, 200 et 
seq. (Fig. 74) ; reproduction of, 
255 et seq,, 262 et seq. 

Funiculus, 328 (Fig. 107). 

Funkia ovata. Pollen development in, 
316. 

Gall-apple, Structure of, 51; Tannin 

in, 52. 
Gametes, of Cladophora^ 250. 
Gas-chamber, 244. 
Gelatine, Use of, 321. 

„ and glycerine, see Glycerine-jelly. 
Gemm9, of Marchantia, 194, 272 (Fig. 

93*b). 
Generation, Alternation of, 264. 
Gentiana-violet, Use of, 39, 41, 222, 

229, 361, 365. 


Gentiana-violet, acetic, 361. 
„ in aniline water, 235. 
„ formic, 361. 

Germinal apparatus, see Embryo- sac, 
Egg- apparatus. 

Germinal vesicle, see Embryo-sac, 
Oosphere. 

Ginkgo biloba, see Salisburia adianti- 
folia. 

Glands (oil) of Rtita graveolens, 160 
(Figs. 61, 62) ; development of 
in Dictamnus Fraxinella, 163 
(Fig. 62*). 

Glandular hairs of ^sculus Hippocas- 
tanum, 81 (Fig. 38) ; Aspidium 
Filix-mas, 289 ; Matthiola, 75 ; 
Primula, 78 ; Rumex patientia, 
79 (Fig. 86). 

Glass bell- jars, zxiii. 

Glass disks.to cover watch glasses, xziii. 

Glass rods, zxiii. 

Gleoeapsa ealdariorum, 218. 
„ polydermatica, 218 (Fig. 82). 

Globoids in Bertholletia excelsa, 27; 
Bicinus, 25 (Fig. 14). 

Gloxinia hybrida. Embryo-sac of, 334. 

Glucose, Reactions of, 48. 

Glycerine, Use of, 16, 17, 34, 55, 92, 
115, 119, 133, 172, 177, 206, 
232, 289, 338, 366, 370. 
„ and alcohol, 55, 115, 302. 
„ Clearing tissue by heating in, 232, 

342. 
„ Dehydrating by, 289. 

Glycerine gum. Use of, 192, 338. 

Glycerine jelly. Use of, 20, 92, 206, 329. 

Glycogen, Beactions of, 269. 

Gold-size, Use of, 92, 366. 

Gonidia, of Anaptychia eiliaris, 202, 
270 ; of Lichens, 302 ; of Phy- 
tophthora, 257 (Fig. 89). 

Gonidiophores, of Mucor, 265 ; Peni- 
cillium, 260 (Fig. 90); Phy- 
tophthora, 256 (Fig. 89). 

Growing apex, in stems of Angio- 
sperms, 173; of Equisetum 
arvense, 176 (Figs. 66, 66*, 
67) ; Euonymus japonicus, 174 
(Fig. 65) ; Gymnosperms, 173 ; 
Hippuns vulgaris, 170 (Fig. 
64). 
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Growing apex, in roots of Hordeum 

vulgare, 183 (Fig. 69); Pteris 

cretica, 188 (Fig. 71); Thuja 

occidentalism 185 (Fig. 70). 

„ in thalluB of Metzgeria furcata, 

198. 
„ Cell' division in, Anticlinal, 173 ; 
periclinal, 173 ; rectangular 
segmentation, 173. 
„ To out sections, 170, 171; to make 

transparent, 172, 177. 
„ Methods of investigation, 170, 

177. 
„ Segmentation of, Calyptrogen, 
185 ; cortex, 174 ; dermatogen, 
173; histogens, 173; initials, 
173; periblem, 173; peri- 
blemic column, 187 ; pith, 174 ; 
plerome, 173 ; procambium, 174. 

Growing point, see Growing apex. 

Ground tissue (Fundamental tissue), 
83. 

Guard- cells, 61. See also Stomata. 

Gum, 81 ; reactions for, 99 ; reser- 
voirs in Tilia, 125. 
„ Use of, 293. 

Gymnocladus canadensis , Leaf -fall, 
169. 

Gymnosperms, Definition of, 298 ; re- 
production, 298 ; root-cap, 186. 

Gynoecium, of Angiosperms, 322; 
Gymnosperms, 302. 

Hadrome, 86. 

fisematin -Ammonia, Use of, 205 ; 

preparation of, 205. 
HsBmatoxylin, Use of, 26, 222, 260, 
318, 329, 366. 
„ Bohmer's, Use of, 205, 365. 
„ Grenacher*s, Use of, 205, 365. 
Hairs, Structure of, in Cheiranthvs 
Cheiri, 72 (Fig. 32) ; Matthiola 
annua, 73 (Fig. 32) ; Verbascum 
nigrum, 74 ; V, thapsiforme, 75 ; 
Viola tricolor, 74 (Fig. 33). 
„ Bristles, of Urtica dioica, 77. 
„ Glands, of Drosera rotundifolia, 
79 ; Primula sinensis, 78. See 
also Glandular hairs. 
„ Horsehair, Use of, 366. 
„ Human, Use of, 366, 


Haurs, Movement of protoplasm, in Hy- 

drocharis, 35 ; in Tradescantia, 

28. 
„ Prickles, of Rosa 76. 
„ Scales of Eleagnus angustifolia, 

76 ; Shepherdia canadensis, 75 

(Fig. 34). 
„ Stinging, of Urtica dioica, 77 (Fig. 

35). 
Hand- vice, xxiii. ; use of, 17, 53. 
Hart's tongue fern, see Scolopendrium. 
Haustoria, of Phytophthora, 267. 
Hedera helix, Besin canals in, 123 

(Fig. 60*). 
Hellebore, see Helleborus. 
HelUhorus foetidus, pollen-cell and 

nuclear division, 367 (Fig. 116) ; 

pistil, 324. 
Helleborus niger^ pistil, 324. 
Hemerocallis fulva. Structure and 

development of anther, 311 

(Fig. 104); pistil, 324; poUeu, 

812 (Fig. 104). 
Hen's Egg Albumen, Use of, 308. 
Hekerocyst, 216. 
Heteroecious (parasites), 264. 
Heteromerous (thallus of Lichens), 

202. 
Hippuris vulgaris, Growing apex of, 

170 (Fig. 64). 
Histogen, Histogenic layer, 173. 
Hollyhock, see Althaa rosea, 
Homoiomerous (thallus of Lichens), 

203. 
Hordeum vulgare. Growing apex of 

root, 183 (Fig. 69). 
Horse-chestnut, see uEsculvs Hip- 

pocaatanum. 
Horsehair, Use of, 260. 
Horse-tail, see Equisetum. 
Host, 256. 

Hoyer's Ammonia-carmine, see Car- 
mine. 
„ Enclosing fluid, see Enclosing 

fluid. 
Hyacinth, Development of pollen in, 

316; pistn, 324. 
Hyaloplasm, 29. 
Hydrocharis Morsus-rana, movement 

of protoplasm in root-hairs, 

85. 


414 


INDEX. 


Hydrochloric acid, Use of, 69, 77, 

205, 213. 
„ Half per cent, in 70 per cent 

alcohol, Use of, 206. 
„ Quarter per cent, in 70 per cent. 

alcohol, Use of, 365. 
Hydroids (=Tracheides), 58, 105, 114. 
Hymenium of JScidium, 263 (Fig. 

81*); Agaricus, 268 (Fig. 91*) ; 

Anaptychia, 270 (Fig. 93); 

Morclmlla, 269 (Fig. 92) ; i2i»> 

wala, 267 (Fig. 91). 
Hymenomycetes, 266. 
Hypanthium, see Beoeptacalar tahe. 
HyphBB, 200, 266. 
Hypochlorin reaction, 204. 
Hypocotyl, 310 (Fig. 103), 339 (Fig. 

111). 
Hypoderma, 88. 

Illuminating apparatus, 227; Abhe*s, 

226. 
Immersion fluids, for objectives, 224. 

„ Objectives, xviii., 223. 
Incandescent lamps (electric), Use of, 

229. 
Indian corn, tee Zea Mais, 
Indian ink. Use of, 222. 
Indusium, 288 (Fig. 96). 
Inflorescence, 306. 
Initial cells. Initial layers, 173. 
Intercellular protoplasmic threads, 
870. 
„ spaces, Lysigenous, 85, 164; 
Schizogenous, 17, 86, 118, 123, 
124 ; canals, 180. 
Intemode, 171. 
Intine, 304, 312. 
Inuline, Beactions for, 60; sphsei-o- 

crystals, 60 (Fig. 24). 
Iodine, action on starch, 13 ; on aleu- 
rone grains, 18. 
„ in alcohol. Use of, 13, 89. 
„ in glycerine, Use of, 24. 
„ in potassium-iodide. Use of, 13, 
18, 47, 204, 208, 259, 269, 274, 
293, 317. 
„ in water, Use of, 17, 41. 
Iodine-green, Use of, 92, 93. 
„ Acetic, Use of, 218, 317, 318, 861, 
„ Formic, 361. 


Iris florentina^ Stroetare of leaf, 61 et 
seq. (Fig. 27) ; endodermis of 
root, 139 (Fig. 55) ; vascular 
bundles of leaf, 93 (Fig. 96); 
wax on leaf, 81. 

Iris germanicay Leucoplasts (starch- 
builders) and starch in rhizome, 
44 (Fig. 21). 

Iron alum, Use of, 366. 
„ chloride. Use of, 62. 
„ sulphate, Use of, 63« 

Ivy, see Sedera helix. 

Juglans regia^ Leaf-fall of, 159. 

Labelling preparations, 24. 

Laburnum, see Cytisus Laburnum. 

Lamp, 229 ; Electric, 229. 

Larkspur, see Delphinium. 

Latex system, in EupTwrbia, 12, 13; 
Chelidonium majtiSf 102 ; Scor- 
tonera, 103 (Fig. 45*). 

Lathyrus, formation of pollen-tube*'. 
321. 

Lavender, Oil of. Use of, 366. 

Leaf, Structure of in AloS^ 67 (Fig. 
29) ; Fagus sylvatica, 164 (Fig. 
63); Iris, 61, 93 (Fig. 42); 
Mnium undulatunit 192; Ruta 
graveolens, 160 (Figs. 61, 62) ; 
Scolopendrittm vulgare, 287 ; 
Sphagnum acutifoHum, 193 ; 
Tradescantia, 66 (Fig. 28). 
„ Influence of position on structure, 

166. 
„ Aerating tissue, 167 ; assimilatory 
tissue, 167 ; mechanical con- 
struction, 165 ; transpiratory 
tissue, 167; vein-parenchyma, 
168. 
„ Origin of, 171, 174 ; fall of, 157. 

Leaf traces, 175. 

Leitz's microscopes, xvi. 

Lemon, see Citrus, 
„ Oil of. Use of, 319, 320. 

Lens, magnifying, xxi. 

Lenticels, of Sambucus nigra, 153 (Fig. 
60). 

Leptome, 86. 

Leptothrix bucealis^ 232. 

Leueojum, Pollen grains of, 318. 
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LeucoplasiB, of Iris germaniea, 44 

(Fig. 21); Btaminal hairs of 

Tradescantia, 29 ; Verbatcum 

nigrum f 41. 
Lichens, Stracture of, 202 ; reprodac- 

tion, 270 (Fig. 98). 
„ Gelatinous, 271. 
Light, Artificial, for microscopes, 229. 
Lignin, Beactions for, 69, 119. 
LigulatsB, see Selaginelleie. 
Lignle, 296, 297. 
Liliumt Development of anthers and 

pollen, 315 ; stracture of pistil, 

324. 
„ Cell and nuclear division in, 360. 
lime, see Tilia europaa. 
Lime, Oxalate, as crystals, 96 (Fig. 

43) ; in cell-contents of Beta 

vulgaris, ^Q; Iris florentiTut, 95; 

Rosa, 77. 
„ Beactions, 46. 
„ phosphate, Use of, 208. 
„ sulphate, Use of, 208. 
Limiting cell, see Heterocyst. 

„ membrane (of cell-wall), 54, 58. 
Ling, see Calluna vulgaris. 
Linseed oil. Use of, 366. 
Liverwort, see Marchantia. 
Logwood, see HsBmatoxylin. 
Lupinus albus, Aleurone grains in 

seed, 24. 
Lyeopodium complanatum, stmcture of 

stem, 149 (Fig. 58). 
„ Selago, structure of stem, 150. 
Lysigenous, see Intercellular spaces. 
Lysimaehia, Pistil of, 326. 


Macerating mixture, Schultze's, 112, 

129, 155. 
Maorosporangia, 297. 
Macrospore, see Spore. 
Magenta, see Fuchsin. 
Magnesia sulphate, Use of, 208. 
Maize, see Zea Mais. 
Malic acid, as stimulant for spermato- 

zoids of Ferns, 294. 
Malva crispay Pollen grains, 319. 
Maple, Autumnal coloration of, 43. 
Maranta arundinacea, Starch of, 11. 
MarohantiaeesB, 277. 


Marekantia polymorphay air-pores, 196 
(Fig. 71); thallus, 194; oil- 
bodies, 195; rhizoids, 196; 
gemmiB, 194, 273 ; sexual or- 
gans, 272 (Figs. 93*. 94, 95) ; 
fertilisation, 276; sporogonium, 
277. 

Mare*s tail, see Hippuris vulgaris. 

Marjoram, Oil of. Use of, 365. 

Matthiola annual Hairs on leaf, 73 
(Fig. 32). 

Mechanical system, 48, 88, 147, 166. 

Medulla, 270. 

Medullary rays, structure in Aristolo- 
ehia, 107 (Fig. 46) ; Finns syU 
vestHs, 56, 120 (Fig. 47). 
„ Secondary, 270. 

Medullary sheath, 109. 

Mericarp, 840. 

Meristem, 172. 

Mesocarp, 344. 

Mesophyll, 161 (Fig. 62). 

Mesothecium, 314. 

Mestome, 86. 

Metaphases, of nuclear division, 863. 

Methyl-blue, Use of, 229, 234. See also 
Aniline blue. 

Methyl-green, Use of, 19, 46. See also 
Aniline green. 
„ Formic, 361. 

„ Acetic, 19, 46, 158, 218, 317, 818, 
860, 361, 369. 

Methyl-violet, Use of, 89, 41, 229, 
234. 

Metzgeria fureata, Stracture of thal- 
lus, 197 ; apical cell, 198 (Fig. 
73). 

Mica plates. Use of, 213. 

Micrococcus VaccincBj 231. 

Micrometer-screw, see Microscope. 

Micrometer, Stage, xxii. 

Micropyle, 302, 304 (Fig. 101), 828 
(Figs. 107-110). 

Microscope , Essentials for a good, xvii. ; 

stands and objectives, xiii. 

„ Compound, 1 (Fig. 2), 224 (Figs. 

83, 88*) ; to clean after use, 15. 

„ Simple (or Dissecting), xx., 21 

(Figs. 12, 13). 

Microsomata (microsomes), 29, 207. 

Microsporan^a, 297. 
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Miorospore, see Spore. 

Microtome, C3. 

Middle lamella (of cell-wall), 54, 58 
(Fig. 26), UO, 166. 

Milk, see Latex. 

Millon's reagent, Use of, 18, 19. 

Mnium kornum^ antherozoids, 277 ; 
archegonia, 280 ; ** flowers," 
277 ; sporogone, 280. 

Mnium undulatum, Strncture of leaf, 
192 ; of stem, 190 ; absorption 
of water by leaves, 193 ; move- 
ment of water in central bundle 
of stem, 190. 

Moist chamber, 10, 265; hollowed 
from glass slide, 244 ; of glass 
ring, 243, 256 ; pasteboard 
frame, 238, 247, 321 ; bell-jar, 
10, 244 ; plaster of Paris case, 
244, 266. 

Molecular movement, see Brownian 
movement. 

Molybdate of ammonia, in concen- 
trated solution of ammonium 
chloride. Use of, 53. 

Monkshood, see Aconitum Napellus, 

Monocarpellary, 323. 

Monocotyledons, Vascular bundles of, 
QSetseq. 

Monopodial (branching), 257. 

Monotropa Hypopitysy Structure of 
Embryo-sac, 330 (Fig. 108). 

Morchella esculenta; epiplasm, 269; 
glycogen in, 269; hymenium, 
269 (Fig. 92). 

Morell, see Morchella esculenta. 

Mosses, Beproduotion of, 277 et seq, 
(Figs. 95 a to e); vegetative 
structure, 38, 190 et seq. 

Mounting fluid, see Enclosing fluid. 

Mounting preparations, 20. 

Mucilage, see Mucus. 

Mucilage-cells of Marchantia^ 197. 

Mucorinese, 255, 259. 

Mucor Mucedo, 255 ; sporangia, 255 ; 
zygote (zygospore), 256. 

Mucus, from cellulose, 99, 340 ; from 
starch, 99. 
„ Staining reactions of, 99. 

Mullein, see Verhoieum nigrum, 

Multinudear ceUB,M« Nuolear division. 


Multiplication, sexual and asexual, 219. 
Mushroom, see Agaricus campestris. 
Mycelium, 265. 
Mycoprotein, 222. 

Navicular see Pinnularia. 

Neck, of archegonium, 275 {Figs. 95, 
95 b), 293 (Figs. 98, 102). 

Needle-holder, xxiii. 

Needles, xxiii. 

Nerium Oleander, Structure of epider- 
mis, 69 ; stomata, 70. 

Nerve, Use of term, 1G3. 

Nigrosine, Use of, 79, 99. 
„ Picric, Use of, 92, 238. 

Nitella, Protoplasmic movement in, 
37. 

Nitrates, Beaotions of, 49. 

Nitric acid. Use of, 51, 213, 234. 

Nitrites, Beactions of, 49. 

Node, 171. 

NostocacesB, 215. 

Nostoo ciniflonum, 217. 

Nucellus, 304, 307 (Fig. 102), 328 (Fig. 
107). 

Nuclear division, 356; in Fritellaria 
persica, 360 (Fig. 114) ; HeUe- 
borus fcetidus, 367 (Fig. 116) ; 
Tradescantia virginica, 356 
(Fig. 113), 369 (Fig. 116). 

Nuclear division, direct, 369 (Fig. 
116); indirect, 369 (Figfi. 113, 
114); prophases, metaphases, 
anaphases, 363. 
„ Fixing and staining nuclear 
figures, 260, 263, 360, 361, 864, 
et seq. ; with acetic methyl- 
green, 360, 361 ; with absolute 
alcohol and safranin, 365 ; 
alcohol and gentiana-violet, 
365, alcohol and logwood, 865 ; 
alcohol and diamond-fuohsine 
iodine-green, 366 ; restoring 
overstaining with logwood, 365. 
„ Multinuclear cells, 201, 204 (Fig. 

75), 256, 260. 
„ Permanent preparations, 364 etseq. 

Nuclear plate, 363 (Fig. 114), 364. 

Nuolear spindle, 363. 

NuoleoH, 30, 204, 208. 

Nucleolus, Lateral, see ParanucleoluS' 
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Nudens of Cladophara glcmerata, 204 
(Fig. 75) ; PeniciUium cmsta- 
ceum, 260; Pinnulariat 211 
(Fig. 77) ; Protococcus, 214 (Fig. 
78) ; Saccharomyce$ (yeast), 
215 ; Spirogyra, 208 (Fig. 76) ; 
staminal hairs of Tradeteantia, 
2^ (Fig. 15), 857 (Fig. 113); 
pollen grains of Tradescantia, 
817 (Fig. 105); old nodes of 
Tradescantia, 369 (Fig. 116). 

I, Belations to fertilization, oo-nu- 
cleus, spermo-nuclens, 332. 

„ Staining, 19, 25, 54. See also 
Nuclear division. 

„ Structure in resting state, 357. 
Nutation of OsciUaria, 218. 

Oak-apple, Oak-gall, 51. 

Oat, see Avena sativa. 

Object-glass, Objective, xviii. ; for 

homogeneous immersion, xviii., 

223; Use of, 224; for water 

immersion, xviii., 223 ; Use of, 

224 ; to clean, 7, 13. 
Object-slides, xxii. ; hollowed, 244. 
OchreaB, 78. 
Ocular, see Eye-piece. 
(Enothera biennis, Pollen grains of ,318. 
Oil, Ethereal, 26, 160; reactions of, 26; 

Fat, 26 ; reactions of, 26 ; Olive, 

Use of, 26 ; Origanum, Use of, 

365. See also Cloves, Cedar. 
Oil-bodies of Liverworts, 195. 
Oil-drops, Optical appearance of, 25. 
Oil-glands of Ruta, 160 (Fig. 62); 

Dictamniu Fraxinella, 164 (Fig. 

62') ; Citrus, 351. 
Onion, see Allium Cepa. 
Oogonium of Peronospora, 259 ; Vau- 

cheria, 252 (Fig. 88). 
Oo-nucleus, 382. 
Oosphere, of Aconitum, 328 (Fig. 107) ; 

Marchantia, 275 (Fig. 95); 

Pintw, 808 (Fig. 102); Poly- 
podium, 294 (Fig. 98) ; Vauch- 

eria, 253. 
Oospore, see Fertilization, Zygote. 
Operculum, 282 (Fig. 95 n). 
Orange, see Citrus vulgaris ((7. Auran^ 

tium). 


OrchidesB, Embryo-sac and fertiliza- 
tion, 833 ; Pistil of, 326. 
Orchis paUens, 333 (Fig. 109). 
Omithogalum umbellatum, Structure 
^ of cell-walls of seed, 53 (Fig. 

25). 
Oscillaria (Fig. 81), Cell-structure of« 
217; habitat, 217; movement, 
218. 
Osmic acid, 1 p.o., Use of, 26, 27, 274. 

„ vapour, 235. 
Ovary, adnate (inferior), 326 ; free 
(superior), 323; monocarpellary, 
323 ; polycarpellary, 324. 
„ Dehiscence of, 323, 827. 
„ Structure in Butomus umbellatus, 
324; Delphinium Ajacis, 822 
(Fig. 106) ; Epipactis palustris, 
326; Helleborus, 824; Bemero- 
callis, 324 ; Hyacinthus, 324 ; 
Lilium, 324; Primula, 325; 
Tulipa,d2^', Yucca, 325. 
Overstaining, Use of, 206 ; correction 

of, 365. 
Ovular integument, 303, 328. See also 

Ovule. 
Ovule, 303, 323; anatropous, 328 
(Figs. 106, 107); campylotro- 
pous, 342 ; ohalaza, 828 ; em- 
bryo-sac, 328; funiculus, 828; 
micropyle, 304, 328; nucellus, 
804, 328 ; primine, 828 ; raphe, 
828 ; secundine, 328. See also 
Embryo-sac. 
„ Development and structure in 
Aconitum Napellus, 327 (Fig. 
107); Capsella Bursa-pastoris, 
840; Citrus, 854; Mcmotropa 
Hypopitys, 380 (Fig. 108); 
Orchis, 833 (Fig. 109) ; Picea 
vulgaris, 807 (Fig. 102) ; Pinus 
sylvestrU, 305 (Fig. 101); 
Taxus baecata, 803 (Fig. 100). 
„ Homology with maorosporan- 

gium, 304, 328. 
„ Sections of , 329. 
Oxalate of lime, see Lime. 
Oxide of copper (ammoniaoal), see 
Copper ammon-oxide. 


Packing-cells, 151, 153. 
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Paonia^ Formation ol pollen-tubes, 

321. 
PflBony, see Paonia, 
Palissade cells, 161 (Fig. 62). 
Palmellacefe, 219. 
Pansy, see Viola trieolor. 
Papaver Rhaas, Structure of petals, 

169. 
Papillfie, 40, 72, 272. 
Paranucleolus, 361 (Fig/114). 
Paraphyses, of Furtaria, 281 (Fig. 96b); 

Mnium, 278, 280; Morchella, 

269 (Fig. 92); RttsstUa, 267 

(Fig. 91). 
Parasite, 264. 

Parkes & Son's mioroscopes, zv. 
Parmelia ciliarU^ see Anaptyehia 

ciliarU, 
Passage cells (in bundle-sheath), 139 

(Fig. 66). 
Pea, see Pisum sativum. 
Pear, Sclerenchyma in, 47 (Fig. 22). 
Penicillium erustaceum, 269 ; asci, 

261 ; basidia, 260 ; gonidio- 

phores, 260 (Fig. 90) ; habitat, 

269; mycelium, 269; nudei, 

260. 
Peptone, 241. 

Perchloride of iron, see Iron. 
Perianthium (of Marchantia], 277 (Fig. 

96). 
Periblem, 173 (Figs. 64, 66), 810 (Fig. 

103). 
Periblemic column, 186 (Fig. 70). 
Pericambium, 137 (Figs. 63 to 66). 
Pericarp, 344. 
Perichaetium, 278. 
Periclinal cell-walls, 173. 
Periderm, 109, 163 (Figs. 69, 60), 166, 

166. 
Peridium, 263 (Fig. 90*). 
Perigamium, 280. 
Perigonium, 278. . 
Perigynium, 280. 
Periptloem, 147, 148. 
Peristome, 282 (Fig. 95 e). 
PeronosporeaB, 267 ; antheridia, 269 ; 

fertilization, 269 ; gonidia, 259 ; 

oogonia, 259. 
Petals, Structure in Papaver Rhaas, 

169: Verbascumniprum, 168. 


Petiole,Structure of ,in Rata graveolerut, 
164. 

Phanerogamia, Primary classification 
of, 298. / 

Phaseolus vulgaris^ Starch of, 10 
(Fig. 4). 

PheUem, 163, 166. 

Pbelloderm in Ribes rubrum, 166. 

Phellogen, 163 (Figs. 69, 60). See also 
Cork. 

Phloem, see Bast, vascular bundles. 

Phloroglucin, Use of, 69. 

Phcsnix dactylifera. Structure of en- 
dosperm cell-walls, 64. 

Phosphate of lime, see Lime. 

Phosphate of soda, see Soda. 

Phycomycetes, 266. 

Phytophthora infestans, 266 ; conidia, 
267 (Fig. 89) ; haustoria, 257. 

Picea vulgaris, archegonia (corpus- 
cula), 308 ; embryo-sac, 308 ; 
endosperm, 306, 308 ; fertiliza- 
tion, 308 ; female flowers, 306 ; 
ovule, 307 (Fig. 102); seeds, 
309 (Fig. 103). 

Picric acid, Use of, 204, 216. 
alcohol, see Alcohol, 
aniline blue, Use of, 92, 370. 
carmine, 236. 
nigrosine, Use of, 92, 361. 

Pileus, 267. 

Pillischer's microscopes, xvi. 

Pinnularia viridis (Fig. 77), Structure, 
210 ; cell-wall, 213 ; cytoplasm, 
211; division, 212; endochrome 
plates, 212; frustules (valves), 
210 ; girdles, 211 ; movements, 
212; nodule, 210; oil-drops, 
211 ; raphe, 211 ; skeletoniza- 
tion, 213. 

Pimis sylvestriSf bordered pits, 55 
(Fig. 26); 116 (Fig. 47); cell- 
walls, 57; female flower, 804; 
male flower, 298 (Fig. 99); 
ovule, 805 (Fig. 101); pollen- 
grains, 300 (Fig. 99); pollin- 
ation, 806; resin -canals, 118 
(Fig. 48) ; stamens, 299 ; sieve- 
tubes, 121 (Figs. 49, 50)-; stme- 
ture of stem, 114 (Fig. 46*). 

Pistil, see Ovary. 


INDBX. 


419 


Pisum aativum, Aleurone-grains, 18 
(Fig. 10) ; structure of seed, 16 
(Fig. 10). 

Pith, 108, 174, 310. 

Pits, bordered, of Pinw sylvestris, 55 
<Fig. 26) ; unilaterally bordered, 
110, 116 (Fig. 47) ; closing 
membrane, 54 (Figs. 25, 26), 
119 (Fig. 47), 147. 
„ Sieve, see Sieve - tubes, Sieve 

plates, etc. 
„ simple, in Agarictts campestrii, 
201 (Fig. 74); Beta vulgaris, 
46; Ornithogalum, 54 (Fig. 25). 
„ branched in Pear, 47 (Fig. 22). 
n reactions, 47 ; torus, 57 (Fig. 26), 
110. 116 (Fig. 47), 147. 

Pitted duets, 85 (Fig. 40), 91. See 
also Pits. 

Placenta, 289 (Fig. 96), 306, 323 (Fig. 
106) ; axile, 324 ; free central, 
326 ; marginal, 325 ; superficial, 
324. 

Plasmolysis, 208; in staminal hairs 
of Tradeseantia, 34. 

Plerome,173(Figs.64,66),310(Fjg.l03). 

Pleurosigma anguUituni, 214. 

Plum, see Prunus domestica. 

Plum-juice, Use of, 256. 

Plumule, 310 (Fig. 103). 

Pollen-canal, in style of Hernerocallis, 
325. 

Pollen-grains, Structure in Acacia, 
320 ; Althaa rosea, 319 ; Azalea, 
320 ; Calluna vulgaris, 320 ; 
Cucurbita, 320; Erica, 320; 
Fritillaria imperialis, 318 ; 
HemerocaXlis fuLva, 312 (Fig. 
104) ; Leucojunii 318; Lilium, 
315 ; Malva crispa, 319 ; Mi- 
moseaB, 320 ; (Enothera biennis, 
818; Pinus sylvestris, 300 (Fig. 
99) ; Rhododendron, 320; Taxus 
baccatas 301 ; Tradescantia vir- 
ginica, 316 (Fig. 105). 
„ Culture of, 320 ; formation of, 315 ; 
how to make transparent, 319, 
340; germination, 320; com- 
pound grains, 320; nucleus, 
800, 317; homology with micro- 
spores, 300. 


Pollen mother-cells, Division of, in 
Fritillaria persica, 360 (Fig. 
114); Hemerocallis, 315 (Fig. 
104); HelUborus foitidus, 867 
(Fig. 115). 

Pollen-sacs of Pinus sylvestris, 299 
(Fig. 99); Taxus baccata, 301. 
See also Pollen-grains. 
„ homology with microsporangia, 
800, 311. 

Pollen-tubes, Development of, 804, 
307, 319, 320, 335 (Fig. llOj. 
Cultural development, 320. 

Pollination, 304, 806. 

Polycarpous, see Apocarpous. 

Polyembryony, in Citrus, 366. 

PolypodiacesB, 290. 

Poly podium vtdgare, Antheridium, 291 
(Fig. 97); antherozoids (sper- 
matozoids), 293 (Fig. 97); 
archegonia, 293 (Fig. 98); 
fertilization, 294 ; petiole (struc- 
ture), 148 ; prothftllus, 291 ; sori 
and sporangia, 290. 

Polypody fern, see Polypodium, 

Polytrichum juniperinum, Antheridia, 
279. 
„ Foliar bundles in, 192. 

Poplar-wood, Use of, in cutting sec- 
tions, 338. 

Poppy, see Papaver Rhaas, 

Populus diUUata, Leaf-fall in, 159. 

Porous cells of Sphagnum, 19B. 

Potash, acetate, Use of, action on 
starch, 14 ; on cork, 155 ; as a 
clearing agent, ''172, 177, 180, 
297, 299, 341 ; how to restore 
tissues after, 177. 
„ Use of, 172, 177. 
„ bichromate. Use of, 52. 
„ chlorate, 112, 129, 165. 
„ nitrate, 208. 

Potato, see Solanum tuberosum. 

Preparations, Permanent preservation 

of, 20, 24, 92,230, 236 ; closing, 

92, 366. 

„ Preservation of, when stained, 206. 

„ To find again a particular spot in, 

239. 
„ Removal of air and dust under 
microscope, 20. 
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Preparations, To prepare under micro* 
scope, 23 et seq. 

Prickles of Bose, Stmcture of, 76. 

Primine, 328. See also Ovnle. 

Primrose, see Primula, 

Primula, Oyary of, 825. 

P. sinensiSt Glandular hairs, 78. 

Procambium, 174 (Fig. 65), 310 (Fig. 
103). 

Proembryo of Mosses, 191 (Fig. 71*) ; 
of CapseHa, 842. 

Proliferation, 279. 

Promycelium of Puecinia, 266. 

Prophases of nuclear division, 868. 

Protein-grains, see Alenrone-grains. 

Protein-crystals (crystallized), see 
Albumen-crystals. 

Prothallus of Polypodium vtUgare, 290. 
„ Homology with endosperm, 806. 

Protococctu viridis, 214 (Fig. 78). 

Protonema of Mosses, 191 (Fig. 71*). 

Protophloem, 87, 93. 

Protoplasm, circulation, 29 (Fig. 15), 
84; contraction, see Plasmoly- 
sis ; neutral lines, 86 ; rotation, 
36, 37 ; union of, between neigh- 
bouring cells, 370. 
„ Be^^tions of, 19, 813. 

Protoplasmic movements, in leal of 
Vallisneria spiralis, 36 ; in the 
hairs of young shoots of 
Cueurhita, 85 ; in the staminal 
hairs of Tradescantia, 28 (Fig. 
15); in the roots of Hydro- 
charis Morsus-ranaf 36 ; in the 
intemodal cells of Nitella, 87 ; 
in the stinging hairs of Urtica, 
77 (Fig. 85). 

Protoxylem, 86. 

Prunus domestica, structure of firult, 
847; of seed, 348. 

Pseudo-parenchyma of Fungi, 200 
(Fig. 74). 

Pseudopodia, 818. 

Pteris aquilina, structure of rhizome 
and leaf stalk, 145 (Fig. 57). 
„ cretica, development of root, 188 
(Fig. 71). 

Puecinia graminis, 262, 264 (Fig. 90*). 

Ptmctum vegetationis, see Growing 
apex. 


Pyrenoids of Cladophora, 208 (Fig. 

76) ; Spirogyra, 208 (Fig. 76). 
Pyrola, Embryo-sac, 330. 
Pyrus communis, stone cells in the 

fruit, 47 (Fig. 22) ; glucose in, 

48. 
Pyrus Malus, structure of fruit, 848 ; 

of seed, 350. 

(iuercus. Gall of, 61. 

Q. suher, structure of cork, 156. 

Badicle, 309, 310 (Fig. 103), 889 (Fig. 
111). See also Embryo. 

Ranunculus Ficaria^ Embryo, 846; 
seed, 346. 
„ repens, structure of the adven- 
titious roots, 140 ; of the vas- 
cular bundle, 100 (Fig. 46). 

Raphe, 328. 

Baphides, 98. 

Bazor, zxiii., 16, 56. 

Beoeiving cells, 167. 

Beceptacular tube, 849. 

Beceptive spot, 253 (Fig. 88), 276 (Fig. 
95), 296 (Fig. 98). 

Beproduotion, asexual and sexual, 
219, 246. 
„ of JEcidium Berheridis, 262; 
Agaricus campestris, 268 ; Algse, 
246 ; Anaptychia dliaris, 270 ; 
Angiosperms, 811 ; Aspidium 
« Filix-mas, 289 ; Bacteria, 222 ; 
Ceratopteris thalictroides, 290; 
Cladophora glomerata, 247; IHa- 
toms, 212; Ferns, 287 ; Funaria 
hygrometrica, 279 ; Fungi, 
256, 262; Gleocapsa, 218; 
Gymnosperms, 298 ; lichens, 
270; Liverworts, 272; Mar- 
chantia polymorpha, 272 ; 
Mnium homum, 277, 280 ; Mor- 
chella esculenta, 269 ; Mosses, 
277; Mucor Mucedo, 265; 
Penicillium crustaeeum, 259 ; 
Phytophthora infestans, 256 ; 
Picea vulgaris, 807; Pinus 
sylvestris, 298, 304; Polypodium 
vulgare, 291 ; Polytrichum 
juniperinum, 279; Protococeus, 
214 ; Puecinia graminis, 264 ; 
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Beprodnotion, eontinued^ 

BusnOa rubral 266; ScoVopen- 

drium vulgare, 287; SelaginelleflB, 

296 ; Taxus baceata, 801, 302 ; 

Vaucheria sessiliSt 250; Yeast, 

215. 
Besin, 81, 118. 

„ Reactions of, 119. 
Besin-canals, 118 (Fig. 48), 123 (Fig. 

50*). 
Bespiratory ohaniber, see Air-chamber. 
Rhamnus FranguUit Interprotoplasmio 

union in, 370. 
Bhizines, of Anaptychia eiliaris, 202. 
Bhizoids, 191, 273, 291. 
Rhododendron^ Pollen of, 820. 
Bib, Use of term, 168. 
Rihes ruiyrum^ Phelloderm, 156. 
Bieimu eommunU^ Alenrone-grains in, 

25 (Fig. 14) ; type of albumin- 
ous seed, 346. 
Rohinia Psetid-Acaeia, Leaf-fall in, 

169. 
Boot, Branching of, 187. 
„ Growing apex of, see Growing 

apex. 
Boot,^ increase in thickness, 141. 
„ Structure of, in Acorns Calamus^ 

138 (Fig. 54); Allium Cepa, 

136 (Fig. 53); Dicotyledons* 

144 ; Ins JUyrentina, 139 (Fig. 

55); Ranunculus repens^ 140; 

Taxus baccata, 141 (Fig. 56). 
„ Structure of embryonic, in il^Mifta, 

345; Picca, 309. 
Boot-cap, of Gymnosperms, 186 (Fig. 

70), 310 (Fig. 103); of Hordeum 

vulgare, 184 (Fig. 69); of Pteris 

eretica, 189 (Fig. 71); of Thuja, 

186 (Fig. 70). 
Boot-hairs, 35, 72, 186. 
Rosa semperjlorens. Structure of 

prickles, 76, 77. 
Bosaniline violet, Hanstein*s, Use of, 

79, 81. 
Bose, Coloured cell-sap in, 42. 
Boss & Co.'s microscopes, xiv., 227 

(Fig. 83*). 
Bue, see Ruta graveolens. 
Rumex Patientiat glandular hairs on 

OchreaB, 79 (Fig. 86). 


Bush, Flowering, see Butomus* 
RussiUa rubra, 266 (Fig. 91). 
Bust-fungus, see Puecinia, 
Ruta graveolens. Structure of leaf, 160 
et seq, (Figs. 61, 62). 

Saceharomyces cerevisea, 215 (Fig. 79). 

Saccharum officinarum, wax layer, 81 
(Fig. 39). 

Saffranin, Use of, 92, 149, 236. 
„ Alcoholic, Use of, 236, 365. 
„ Watery, Use of, 149, 236. 

Salisburia adiantifolia. Autumn tints, 
43. 

Salix Caprea, Tannin reaction, 52. 

Salt (table), see Sodium chloride. 

Sambucus nigra, Cork and Fhelloderfn,- 
152 (Fig. 59) ; Lenticels, 154 
(Fig. 60). 

Scalariform vessels, in Allium, 136 
(Fig. 53) ; Pteris, 145 (Fig. 57). 

Scales of Marchantia, 194. See also 
Hairs. 

Scalpel, xxiii. 

Schizogenous intercellular spaces, see 
Intercellular spaces. 

Sohizomycetes, 221. See Bacteria. 

Schizophyce8B, 219. 

Scbizophyta, 217, 234. 

Schultze*s Macerating Mixture, Use 
of, 112, 129, 165. 

Scissors, dissecting, xxiii. 

Solerenchyma, 47 (Fig. 22), 63, 84, 91, 
147, 149, 162, 165, 347, 349. 

Scolopendrium vulgare, structure of 
petiole, 148; of leaf, 287 (Fig. 
96) ; sori, 288 (Fig. 96) ; spo- 
rangia, 289 (Fig. 96). 

Scorzonera hispanica. Latex-system of, 
103 (Fig. 45*). 

Scotch fir, see Pinus sylvestris. 

Sections, Preparation of, 16, 55. 
„ of very thin objects. See Celloi- 
din. Glycerine-gum, Elder-pith, 
Cork, Lime-wood, Poplar-wood, 
Sunflower-pith. 
„ To cut, 16, 66, 62, 63, 307 ; curl- 
ing of, 17 ; how to lift, 17 ; to 
mount, 20 ; to make trans- 
parent, 172 ; to restore when 
too transparent, 172. 
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Seed, Structure of, in Alitma Plan- 
tagot 843 (Fig. 112); Capsella 
Bursa- pattoriSy 338 (Fig. Ill) ; 
Fieea vulgaris, 309 (Fig. 103) ; 
Prunus domestical 348; Pyrus 
communis^ 350; Triticum durum^ 
19 (Fig. 11). 
„ Methods of investigation, 338. 

Seeds, Starch in, 10 ; aleurone in, 16. 
„ Pea. 16 (Fig. 10) ; Wheat, 19 (Fig. 
11) ; Lupine, 24 ; Castor-oil, 25 
(Fig. 14); Brazil-nut, 26; Or- 
nithogalum, 53 (Fig. 25); Date, 
54. 

. „ Albuminous, 346; ezalbuminous, 
339. 

Selaginella Martensiit Sporangia, 297 ; 
spores, 297; vegetative struc- 
ture, 296. 

Serum of blood. Use of, 241. 

Seta of Moss, 280. 

Sheath, Yascular-bundle, 84. 

Shellac, in absolute alcohol, Use of, 
365, 

Shepherdia Canadensis^ Scale-hairs, 73 
(Fig. 34). 

Sieve-areas, 120 (Figs. 49, 50), 132 
(Fig. 52), 

Sieve-pits, 107, 122, 148. 

Sieve-plates, 91, 107, 131 (Fig, 52), 
147. 

Sieve-tubes of Aristolochia, 107 ; Cu- 
curhita Pepo, 131 (Fig. 62); 
Lycopodium complanatum, 149; 
Pinus sylvestris, 122 (Figs. 49, 
50) ; Pteris, 146 ; Tilia paroi- 
foUa, 126 ; Zea Mais, 87, 
n callus, 91; development of, 107, 
121 (Fig. 60), 134 (Fig. 52); 
staining of, 91, 121. 
„ contents, 134, 137, 138. 

Siphoneaa, 260. 

Slime, see Mucus, Mucilage. 

Soda, Caustic, Use of, 48. 
Sodium chloride. Use of, 208. 

„ sulphite. Use of, 232. 
Solanum tiiberosum (Potato), Starch in 
tuber, 4 (Fig. 3); disease of, 
259. 
Sori, indusiate, 287, 289 (Fig. 96); 
naked, 290. 


Spermatia, olJEddivm BerberidiSf 264* 
Anaptychia ciliaris, 271. 

Spermatic nucleus, 332. 

Spermatozoids of Marchantia, 274; 
Mnium, 278 ; Polypodium, 293 ; 
Vaueheria, 263. 
„ Stimulation of, in Ferns, 294. 

Spermogones, of JSeidium, 262, 264 
(Fig. 90*); Anaptychia, 271 
(Fig. 93). 

Spermo-nudens, 332. 

SphaBro-crystals, see Inuline. 

Sphagnum acutifolium. Structure of, 
193. 

Spider- wort, see Tradescantia. 

Spindle-fibres, 363. 

Spindle- tree, see Eitonymus, 

Spiral- vessels, 80, 85, 136 ; see Vas- 
cular bundles. 

Spirochete plicaiilis, 231 (Fig. 84). 

Spirogyra, Conjugation, 246. 

Spirogyra majuscula (5>. orthospira). 
Culture of, 207 ; Cell-structure 
of, 208 <Fig. 76). 

Spongy parenchyma, 161. See Meso- 
phyll. 

Sporangia, Structure in Aspidium 
Filix-mas, 289 ; Mucor Mucedo, 
265; Phytophthora, 258 (Fig. 
89) ; Scolopendrium vulgare, 
289 (Fig. 96); Selaginella 
Martensii, 297. 

Spores, of JScidium, 263 (Fig. 90*) ; 

Anaptychia, 270 ; Bacteria. 223, 

239 (Fig. 86); Funaria, 285 

(Fig. 95 n) ; Marchantia, 277 ; 

Mnium, 283; MorcheUa, 269 

(Fig. 92); Mucor, 255; Scolo- 

pendrium, 289 (Fig. 96); Selagi- 

nella, 297. 

„ Ascospores, of Anaptychia, 270; 

MorcheUa, 269 (Fig. 92); 

PeniciUium^ 261. 

„ Basidiospores, of Agaricus, 268 

(Fig. 91*); Penicillium, 260 

(Fig. 90) ; Russula, 267 (Fig. 9l). 

„ Macrospores, 297; Microspores, 

297. 
„ Swarm-spores, of Cladophora 
250 (Fig. 86), ; Vaueheria, 251 
(Fig. 87). 
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Spores, Telentogpores, of Pucctm'ei, 264 

(Fig. 90*). 
„ Uredospores, of Pueevnia, 264 

(Fig. 90*). 
„ Zoospores, see Swarm-spores. 
„ Zygospores, of Mucor, 266; Spiro- 

gyra, 247. 
Sporidia, of Puecinia graminia, 265. 
Sporogoninm, of JPunarta, 286 (Fig. 

96 c, d) ; Marchantia polynwr- 

pha, 277 ; Mnium, 280. 
Staining of Bacteria, 229. See also 

under Object to be stained; 

0^80 Overstaining, and the 

different staining media. 
Donble-staining, 236. 
Stamen, of Pintu eyloeatrU, 299 (Fig. 

99) ; Angiosperms, 811. 
fitaphylea. Formation of pollen-tube 

in, 321. 
Starch-bnilders, 29, 44 (Fig. 21), 66, 

66. See dUo Lencoplasts, 

Chlorophyll-bodies. 
Starch-grains, East Indian arrowroot, 

11 (Fig. 6) ; West Indian arrow- 
root, 11 ; Bean, 10 (Fig. 4) ; in 
latex of Euphorbia heliotcopia, 

12 (Fig. 8); and Euphorbia 
splendens, 13 (Fig. 9); Iris 
germanicay 44; Oat, 11 (Fig. 
7); Pea, 17 (Fig. 10) ; Potato, 
26 (Fig. 3) ; Wheat, 11 (Fig. 6). 

„ Compound, 9 ; semi-compound, 9. 

„ Identification in small quantity,39. 

„ Lamination of, 7 (Fig. 3). 

, , Presence in chlorophyll bodies, 39. 

„ Belations towards heat, 14 ; 
Beagents,—Iodine, 13, Potash, 
14, 39. 

„ Swelling of, 14, 89. 
Starch-mucilage, see Mucilage. 
Starch-sheath, 104. 
Stem, Structure of in Aristolochia 
Sipho, 104 (Fig. 46) ; Draeana 
rubra, 96 (Fig. 44) ; Lyeopodium 
complanatum, 149 (Fig. 68); 
Pinus sylvestris, 114 (Figs. 46*, 
47, 48) ; Ranuneulua repens, 100 
(Fig. 46) ; Tilia parvifolia, 126 
(Fig. 60'*) ; Zea MaU, 88 (Figs. 
40, 41). 


Stereldes, Stereome, see Mechanical 
system. 

Sterigma, of JSeidium, 264 (Fig. 90*) ; 
Agaricusy 268 (Fig. 91*) ; Anap- 
tychia, 271 (Fig. 93) ;" PeniciU 
Hum, 260 (Fig. 90) ; Russula, 267 
(Fig. 91). 

Stigma, 318, 822, 326. 

Stinging hairs, see Hairs. 

Stinging nettle, see Urtiea dioica. 

Stock, Ten-week, see Matthiold annua. 

Stomata, of Alo^ nigricans, 67 (Fig. 
29); Aneimia fraxinifolia, 69 
(Fig. 30); Iris fiorentina, 61 
(Fig. 27) ; Mnium homum, 284 ; 
Nerium Oleander, 69; Ruta 
graveolens, 163 (Fig. 62) ; Tra- 
deseantia virginiea^ 66 (Fig. 28) ; 
T, zebrina, 66. 
„ Accessory cells, 66 (Fig. 28); 
guard-cells, 61 et seq, (Figs. 27- 
30) ; movements of, 64. 
„ Water, in Tropeeolum, 70 (Fig. 31). 

Stone of Plum, 847. 

Stone-cells, of Pear, 47 (Fig. 22). See 
aiso Sderenchyma. 

Style, 322, 326. 

Suberin reactions, 166. 

Sub-hymenial layer, 267 (Figs. 91-93), 
270. 

Sugar, Cane-sugar, as stimulus for 
Spermatozoids of Moss, 296. 
Grape-sugar, see Glucose. 
„ Identification in Beetroot, 46 , in 

Pear, 48. 
„ reactions, Barfoed's, 49; Feh- 

ling's, 48. 
„ solution, Use of, 34, 320. 
„ „ 3 p.c, Use of, 330, 333, 366. 

Sugar-cane, see Saccharum officinarum. 

Sulphur, in cell-contents of Bacteria. 

Sulphuric acid. Use of, 54, 68, 68, 137, 
139, 193, 312, 318, 320, 371. 

Sundew, see Drosera. 

Sunflower-pith, xziii. ; to obtain, 62. 

Suspensor, 309, 833. 

Suture, 323. 

Swarm-spores.of Cladophora glofnerata, 
248 (Fig. 86); Pkytophthora^ 
268 (Fig. 89); Vaueheriasessilis, 
260 (Fig. 87). 
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Sweet-flag, see Acorua CaJatMu, 
Sweet-pea, see Lathyrtu odoraUu, 
Swift and Son's microscopes, xvi. 
Symbiosis, 202, 216. 
SyneigidsB,^ see Embiyo-sao. 

Table, Hot, Ranvier*s, 15. 

Table, Working, Position of, zii. 

Tannin, Presence and identification in 
Oak-gall, 52; Willow twigs, 52 ; 
Alder twigs, 53. 

Tapetal cells, 815 (Fig. 104). 

Taxm baccata, ArU, 304 ; male flower, 
801; female flower, 802 (Fig. 
100) ; pollen-grains, 801 ; polli- 
nation, 304 ; stracture of root, 
141 (Fig. 56). 

Teleutospores, see Spores. 

Testa, stracture in Capsella Bursa- 
pastoris, 839 (Fig. 111). 

Test-objects, 214. 

Tetrarch vascular bundles of roots, 
185. 

Thallus of Anaptychia ciliaris, 202; 
Marchantia polymorphat 194 ; 
Metzgeria fureata, 197. 

Thickness, Increase in ; Stem of Aris- 
tolochia SiphOf 105 et seq,\ 
Ranunculus.lOl, 105, 110, 120 ; 
root of Taxus^ haeeata^ 142 ; see 
also Pinus sylvestris and Tilia 
europaa, 
„ Abnormal in Draccena Draco, 96. 

Thuja occidentalis, growing apex of 
root, 185 (Fig. 70). 

Tilia parvi/olia, structure of stem, 
125 (Fig. 50*'). 

Toadstool, see Amanita. 

Torenia Asiatica, fertilization, 334 
(Fig. 110). 

Toms, see Pits. 

Trach^des (Hydroids), 58, 105, 114. 

Tradeseantia virginica, moyement of 
protoplasm in staminal hairs, 
28 (Fig. 15), 84; development 
of pollen -grains, 816 (Fig. 105) ; 
of pollen- tube, 821; stomata, 
65 (Fig. 28) ; cell and nuclear 
division, 856 (Fig. 118) ; direct 
nadear division, 869 (Fig. 116). 
„ zebrina, stomata, 66. 


Trama, 267. 

Transpiration tissue, 167. 

Triarch vascular bundles of roots, 187. 

Triohomes, see Hairs, Scales. 

Triticum durum. Starch grains in, 11 
(Fig. 6). 
„ vulgare, Aleurone in, 19 (Fig. 11); 
structure of fruit and seed, 19 
(Fig. 11). 

Tropaolum majiu, colour-bodies of 
flowers, 40 (Fig. 18); water- 
pores (water- stomata), 70 (Fig. 
81). 

Tulipa, development of pollen, 316. 
„ Gesneriana, ovary, 324. 

Unicellular plants, 210, 221. 
Uredospores, see Spores. 
Urtica dioiea, bristles, 78 (Fig. 85) ; 
stinging hairs, 77 (Fig. 85). 

Vaccination, Theory of, 231. 

•Vacuole, 29. 

Valleeular canal, 180. 

VaUisneria spiralis. Movement of pro- 
toplasm in leaf, 36. 

Valve (Frustule) of DiatomacesB, 210 
(Fig. 77). 

Vascular bundle cylinder in roots, 183 
etseq. 
„ Structure in leaf of Iris floreiUina, 

93 (Fig. 42). 

„ in petiole of Poly podium vulgare, 

148 ; Pteris aquilina, 146 (Fig. 

57) ; Seolopendium vulgare, 148. 

„ in root of Aeorus Calamus, 138 

(Fig. 54); Allium Cepa, 136 

(Fig. 53); Hordeum vulgare, 

" 183 ; Iris JlorenHna, 139 (Fig. 

55); RanunctUtts repens, 140; 

Taxus baecata, 141 (Fig. 66). 

„ in stem of Aristoloehia Sipho, 104 

(Fig. 46); Chelidonitm majus, 

101; Cueurbita Pepo, 130; 

Draeana rubra^ 96 (Fig. 44); 

Pinus sylvestris, 114; Pteris 

aquilina, 145 ; Banunculus re- 

pens, 100 (Fig. 45); Tilia 

europaa, 126; Zea Mais, 84 

(Figs. 40. 41). 

„ Bast portion, 86 ; bicollateral 


rNDEX. 


425 


18: 

a. 11 

111; 


iter- 


Vascular bundle, — contimied, 

bundles, 130 ; cauline bundles, 
171; closed bundles, 83 etseq. ; 
collateral bundles, 86, 180 ; 
common bundles, 181; foliar 
bundles, 172 ; hadrome, 86; 
leptome, 86; mestome, 86 ; 
open bundles, 100 et seql ; 
phloem, 86 ; protophloem, 87, 
93; protoxylem, 86; vascular 
portion, 86 ; wood, 86 ; xylem, 
86. 
„ Course of in Equisetacese, 180 
(Fig. 68) ; terminations of in 
petals, 168. 
„ Staining, 89, 91, 93, 95. See also 
Corallin. 

Vaucheria sessilU^ Fertilization of, 
253 ; multinuclear, 251 ; sexual 
organs, 252 (Fig. 88); swarm 
spores, 250 (Fig. 87). 

Vegetative cell, in pollen-grain of Ptniw, 
300 (Fig. 99) ; of Tradescantia, 
318 (Fig. 105). 

Vein, Use of term, 168. 

Vein-parencbyma, 168. 

Verbascum nigrum, cell-sap in petals, 
41, 74 ; hairs of corolla and 
stamens, 74; vascular bundle- 
ends in petals, 168. 
„ thapsiforme, hairs on leaves, 75. 

V6rick'8 microscopes, xvii. 

Vessels, 85; of Cueurbira Pepo, 130 
et seq. See also Vascular bun- 
dle, Scalariform vessels, Spiral 
vessels, Pitted ducts, Sieve- 
tubes, Annular vessels. 

Vesuvin, Use of, 229, 238. 

Vinca major and V, minor, coloured 
sap in Hower, 42 ; solerenohyma 
fibres in stem, 53. 

Viola tricolor-grandijlora, hairs on 
petals, 74 (Fig. 33). 

Virginian creeper, see Ampelopsis, 

Wallflower, see Cheiranthtu CJieiri, 
Walnut, see Juglans regia. 


Watch-glasses, zxiii. 

Water, Conduction of, 168. 

Water-pores, of Tropceolum majus, 70. 

Water-stomata, see Water-pores. 

Wax, Use of, to close preparations, 
367 ; relations with alcohol, 82. 

Wax-drops, for the protection of 
objects, 367. 

Wax-layer in Echeveria globosa, 81 ; 

Eucalyptus globulus, 81 ; Iris 

Jlorentina, 61 ; Prunus domestical 

. 347 ; Saccharum ojicinarum, 81 

(Fig. 39). 

Wheat-grains, Aleurone in, 19 (Fig. 
11) ; starch in, 11 (Fig. 6). 

Willow twigs. Tannin reaction, see 
Salix, 

Wood, to cut sections of, 55. 
, , Separation of elements by macera- 
tion, 112, 129 (Fig. 51), 155. 
„ Structure of, in Aristolochia Sipho, 
104 (Fig. 46) ; Pinus sylvestris, 
114 (Fig. 46*) ; Tiliaparvifolia, 
126 (Figs. 50**, 51) ; ZeaMaU, 
85 (Figs. 40, 41). See also Vas- 
cular bundle, Xylem, Lignin. 

Wood-parenchyma, 148. 

Xylem, see Wood, Lignin, Vascular 

bundle. 
Xylol, Use of, 230, 236. 

Yearly rings, 115 (Fig. 46*), 125 (Fig. 

50**). 
Yeast, see Saccharomyces, 
Yew, see Taxus baceata. 
Yucca, Pistil of, 325. 

Zea Mais, structure of vascular 
bundles, 83 (Figs. 40, 41). 

Zeiss's microscopes, xvi., 2 (Fig, 2), 
224 (Fig. 83). 

Zoogloea, 222, 237 (Fig. 85 a). 

Zoospores, see Swarm-spores. 

Zygnema, 247. 

Zygospore, of Mucor Mucedo, 256 ; 
Spirogyra, 2i7; VaucJieria, 254. 

Zygote, see Zygospore. 
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